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The International Conference on Advances in Transport Phenomena (ICATP 2022) is proposed to bring 

along the notable speakers from across India and globe who have years of research experience in the different 

areas of Transport Phenomena and Applied Mathematics, and to provide our local research community with 

a platform where all can share and get to know about each other’s research. The conference aims at providing 

in depth knowledge about the recent advances in a wide range of areas of Transport Phenomena which can 

be used to solve a plethora of real world problems. Transport phenomena can be found from nano-scale to 

macro-scale, from single-phase to multiphase, from non-reactive to reacting flows, and for applications in 

different space and domains. Some of the scientific areas covered under this topic are Convective Heat and 

Mass Transfer, Physiological Fluid Mechanics, Micro-fluidics, Rheology, and other related areas. The 

speakers invited for talks in the conference are eminent researchers from top institutions with expertise in 

different areas of Transport Phenomena and Fluid Mechanics. This conference would benefit post-graduate 

students, research scholars and young faculty members to get exposure on various areas of Transport 

Phenomena and would also give them the opportunity to collaborate with top researchers from these fields 

worldwide. 
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Dr. S. V. Kota Reddy 

Vice Chancellor  

VIT-AP University 
 

 

                 

 

 

 

With great delectation, I write this message for the International Conference on Advances in Transport 

Phenomena (ICATP 2022) to VIT-AP University at Amaravati 

I feel immense euphoria that several distinguished speakers across India and the globe associated with top 

institutes and universities are sharing knowledge at ICATP. More than 100 papers are going to be presented 

in the areas of Transport Phenomena.   

I am confident that the conference will lay better avenues for researchers, academicians and students to 

exchange their research findings in the field of Transport Phenomena. I am extremely delighted to say that 

the School of Advanced Sciences (SAS) will succeed in achieving the main objective of propagating 

knowledge and information in the most effective manner through this conference. I am sure that this 

conference will fulfil the objective of driving the student community to the academic/research realm.      

I appreciate the efforts and hard work put in by the entire ICATP organizing team for their wonderful 

contribution in organizing this conference. The efforts of the editorial board are commendable for their 

excellent contribution towards preparing the conference souvenir. I am sure conference souvenir as ICATP 

will set the standards for future editions.   

 

 

 

 

Dr. S. V. Kota Reddy 

Vice Chancellor  

VIT-AP University  
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Dr. Jagadish Chandra Mudiganti  

Registrar,  

VIT-AP, University 

 

 

                                                                                                                                                                                                                                                                                          
 Dear Participants of ICATP 2022,  

 

This conference on ‘Transport Phenomena’ is of great importance in the field of advanced sciences. I am 

sure this conference will bring forward the current trends, challenges and future prospects in the subject area.  

I appreciate the efforts made by the entire organizing team in inviting experts and technocrats from top 

universities and institutions in the country and across the globe.   

 

Lastly, I wish the School of Advanced Sciences a grand success in achieving the conference goals and kindle 

curious minds.      

 

 

 

 

Dr. Jagadish Chandra Mudiganti  

Registrar  

VIT-AP, University  

 Welcome Message from Registrar, VIT-AP, University  
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Dr. Rashmi Dubey, General Chair            Prof. S. Srinivas, Co-Chair        Dr. Santanu Mandal, Co-Chair 

 

Dear Participants of ICATP 2022,  

With great contentment, we the Convener and Co-Conveners of the International Conference on Transport 

Phenomena (ICATP 2022) welcome you all to the conference that is to be held during July 16-18, 2022 at 

VIT-AP University, Amaravati, Andhra Pradesh.   

Through this conference, we foresee a rally for sharing insights into new research in the domain of Transport 

Phenomena. We hope that this conference will stimulate ideas, exchange and facilitate networking among 

all researchers, participants and students.  We are delighted that ICATP 2022 received many submissions 

from eight different countries. It was a challenging task for the reviewing committee to select more than one 

hundred quality papers where authors will be sharing their outstanding ideas and latest research results.    

The conference will offer invited talks and plenary. S  ocial events will also take place to foster networking 

among the participants in a friendly atmosphere. We trust that you will find the ICATP 2022 professionally 

rewarding and stimulating as well as socially enjoyable.    

Finally, we would like to express our utmost gratitude to all speakers, authors, presenters, panellists, 

reviewers, advisory and organising committee members for their hard work, passion and commitment to 

shape a high-quality conference called ICATP 2022. 

 

 

Dr. Rashmi Dubey, Ph.D.                     Prof. S. Srinivas, Ph.D.                     Dr. Santanu Mandal   

General Chair, ICATP-2022              Co-Chair, ICATP-2022                     Co-Chair, ICATP-2022                                                                               

Assistant Professor,                                   Professor (HAG),                             Associate Professor & Dean, 

School of Advanced Sciences,        School of Advanced Sciences,           School of Advanced Sciences,                                                             

VIT-AP University,                                    VIT-AP University,                          VIT-AP University, 

Andhra Pradesh, India                           Andhra Pradesh, India                       Andhra Pradesh, India 

 Welcome Message from Convener and Co-Convener 
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Title of the talk: Recent Advances in Polymer Viscoelasticity from General Rigid Bead-Rod Theory 

 

Co-author: Mona A. Kanso, Research Assistant, Polymers Research Group, Chemical Engineering Department, 

Queen’s University, 19 Division Street, Kingston, ON, Canada K7L 2N9 

 

Abstract:  One good way to explain the elasticity of a polymeric liquid, is to just consider the orientation distribution 

of the macromolecules. When exploring how macromolecular architecture affects the elasticity of a polymeric liquid, 

we find general rigid bead-rod theory to be both versatile and accurate. This theory sculpts macromolecules using 

beads and rods. Whereas beads represent points of Stokes flow resistances, the rods represent rigid separations. In this 

way, how the shape of the macromolecule affects its rheological behavior in suspension is determined. Our work 

shows the recent advances in polymer viscoelasticity using general rigid bead-rod theory, including advances applied 

on the coronavirus. 

Till recently, general rigid bead- rod theory has neglected interferences of the Stokes flow velocity profiles between 

nearby beads. We call these hydrodynamic interactions, and we here employ our new method for exploring how these 

interactions affect the complex viscosity of suspensions of multi-bead rods. We find that for shish-kebabs, 

hydrodynamic interactions (i) increase zero-shear viscosity, (ii) increase zero-shear first normal stress coefficient, (iii) 

decrease the real part of the dimensionless complex viscosity, (iv) and increase minus the dimensionless imaginary 

part. We find that the combination of (iii) and (iv) explains crossovers of the parts of the complex viscosity. We find 

that the combination of (iii) and (iv) explains crossovers of the parts of the complex viscosity. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

About the speaker 

Prof. Alan Jeffrey Giacomin is editor-in-chief of 

Physics of Fluids since 2016. He Holds the Tier 1  

Canada Chair in Rheology from the Canadian government’s 

Natural Sciences and Engineering Research Council. 

Since 2017, he has been President of the Canadian 

Society of Rheology 
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Title of the talk: Convective, absolute and spatial instability in porous media: Three different views on the linear 

analysis of the onset of convection 

The onset of convection heat transfer in a horizontal porous layer takes place as a manifestation of the Rayleigh–

Bénard instability. A vertical downward–oriented temperature gradient causes an unstable thermal stratification so that 

the thermal buoyancy force may cause the emergence of a cellular flow. Bénard cells can, in fact, be observed in an 

unstably stratified porous layer saturated with a fluid [1]. The usual way to exploit the theoretical modelling and 

analysis of the onset of convection in a porous medium flow is through a stability analysis which can be either linear 

or nonlinear [2]. By restricting the scope of this talk to the linear stability analysis, there can be three different 

approaches: convective, absolute or spatial. The first two approaches are diversified deployments for the Lyapunov 

concept of instability in dynamical systems, namely the response of a system to an alteration in the initial condition 

set at time 𝑡 =  0 [3]. The third approach, i.e., the spatial stability analysis, is based on a non–Lyapunov scheme for 

instability where the system response is evaluated to an input perturbation source localized at a given spatial position, 

say 𝑥 =  0, instead of a given time, say 𝑡 =  0 [4]. In other words, if the Lyapunov scheme envisages a perturbation 

at time 𝑡 =  0 that undergoes either amplification or attenuation in its time evolution, the non–Lyapunov scheme 

underpinning the spatial stability analysis devises a normal mode perturbation at position 𝑥 =  0 whose spatial 

evolution along x, either upstream or downstream, may undergo amplification or attenuation along its direction of 

propagation. The three approaches to the flow linear instability are first illustrated with a toy system governed by a 

one–dimensional Burgers’ PDE. Then, such concepts are employed for the exploration of different views on the linear 

thermal instability of the stationary and uniform flow in a horizontal fluid–saturated porous layer heated from below, 

also known as Prats’ problem [5]. If the convective instability for Prats’ problem occurs with a Darcy–Rayleigh 

number, 𝑅, larger than 4𝜋2, the absolute instability takes place with 𝑅 >  𝑅𝑎, where 𝑅𝑎 ≥ 4𝜋2 is a monotonic 

increasing function of the Péclet number associated with the basic flow rate. Finally, the emergence of the spatial 

instability appears for every positive Darcy–Rayleigh number [4]. 

 

REFERENCE 

[1] Nield D. A., Bejan A.: Convection in Porous Media. Springer, New York (2017) 

[2] Straughan B.: Stability and Wave Motion in Porous Media. Springer, New York (2008) 

[3] Barletta A.: Routes to Absolute Instability in Porous Media. Springer, New York (2019) 

[4] Barletta A.: Time–evolving to space–evolving Rayleigh–B ́enard instability of a horizontal porous 

medium flow. Phys. Fluids 33, 124106 (2021) 

[5] Prats M.: The effect of horizontal fluid flow on thermally induced convection currents in porous mediums. J. 

Geophys. Res. 71, 4835–4838 (1966) 
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Full Professor of Industrial Technical Physics at Alma Ma-
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Title of the talk: Flipping with the Flow - Perspectives of Puzzling Fluid Dynamics and Human Health 

Abstract: Leonardo da Vinci (1452 – 1519) was a genius of the High Renaissance and was recognized as one among 

the greatest painters in the history of art, having apparently no great influence as recognized by modern fluid 

dynamists.  However, with numerous lost, unpublished and unfinished works that were premised to disrupt human 

knowledge—he created some of the most influential paintings that reflected supreme technological ingenuity, 

including understanding the functionalities of individual parts of the body, delving into the internal organs that were 

interpreted by him to act as the motors orchestrating human life. William Harvey (1578-1657), by training a medical 

doctor, focused much of his work on the mechanics of blood flow in the human body. He first showed that valves in 

the veins, discovered by his teacher Fabricius, permit the blood to flow only in the direction of the heart and act as 

lifelines of the circulatory system. He also postulated the existence of tiny capillaries between arteries and veins, that 

were later discovered in 1661 by Marcello Malpighi. Jean Léonard Marie Poiseuille (1797 –1869) was 

a French physicist who delved deeply into the understanding of the flow of human blood in narrow tubes, and in 

1840’s, disseminated the celebrated Poiseuille&#39;s law. All these developments took place in an era when fluid 

dynamics research was not colonised by the present-day snobbery of distinguishing great mastery in solving complex 

partial differential equations relating idealized problems that may not otherwise address mundane quests of 

understanding realities of life and nature. Despite the subject being taken over by illustrious mathematicians and 

physicists who have revolutionized the subsequent understanding of fluid dynamics, an apparently simple proposition 

of understanding the mechanics of blood flow in physiological pathways in human bodies remained to be an unsolved 

proposition. Over the past century, advancements in fluid dynamics hallmarked deeper studies on complex fluids, 

though. Fluid dynamics of blood, possibly the most critical complex fluid impacting human lives, is primarily dictated 

by red blood cells (RBCs) that are flexible biconcave discs spending their lives suspended in blood plasma that is 

elusively more complex than simple water. Commonly, RBCs stack together to form structures called rouleaux like 

cylindrical packs of coins that reform continuously. Contrary to intuition, instead of clogging, such reforms result in 

easier flow of blood as it passes through extremely narrow channels. An influential theoretical premise of blood flow 

has been rationalizing this by drawing analogies of RBCs with compound liquid droplets in which the cytoplasm is 

more viscous than the outer fluid that triggers a series of complex shape transitions. However, a stiffening of RBC 

membranes under certain conditions contradicts this analogy and may alter ATP release that happens due to shape 

deformation. This may signify specific diseased conditions and influence a plethora of ailments ranging from 

cardiovascular irregularities to cancer metastasis. The role of unique flexibility of microvasculature and morphology 

of the microenvironment, dynamical signals of pressure pulsation and disease-specific blood rheology make it 

extremely deceptive and patient-specific and difficult to model within the known territories of expertise of fluid 

dynamics. I discuss here various computational, in-vitro and in-vivo studies conducted in my group that have 

attempted to address some of the pertinent outstanding questions, unresolved paradoxes, and present a deeper 

challenge that makes even a ‘simple’ blood flow strikingly more complicated than its intuitive analogy of pipe flow 

in engineering fluid mechanics. I also suggest a way forward with a convergence of physics-based modelling and data 

science, where blood flow is not merely perceived as an ‘inert’ physical phenomenon but recognized as an exclusive 

hallmark of ‘life’ with all individualism intrinsic to humans. 
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Title of the talk: Solute dispersion in non-Newtonian fluid flow in blood vessels with wall absorption - deviation 

from the Gaussianity 

Co-author: Shalini Singh, Department of Mathematics, Indian Institute of Technology Kharagpur 

 West Bengal 721302, India 

INTRODUCTION   

The study of non-Newtonian flow solute dispersion has implications in biomedical engineering, physiological fluid 

dynamics, etc. The Herschel-Bulkley fluid model is a three-parameter model that includes yield stress, viscosity, and 

the power-law index. The ability to combine Newtonian, Bingham, and power-law fluid models is a virtue of this 

model. The axial solute dispersion in a straight circular tube in a pulsatile Herschel-Bulkley fluid flow was investigated 

by Rana and Murthy (2016). The steady case of the Taylor dispersion in laminar Newtonian flow with surface 

absorption was examined by Wang and Chen in (2017), taking into consideration the first four moments. The current 

research examines the impact of skewness and kurtosis on solute dispersion in non-Newtonian pulsatile fluid flow.  

 

MATHEMATICAL MODEL 
Consider the unsteady, fully developed, and axisymmetric pulsatile flow of non-Newtonian fluid in a circular 

cylindrical tube. A solute slug is initially delivered into this stream, and the solute is absorbed in the tube wall.  

The unsteady transport of solute concentration with initial and boundary conditions is governed by   

𝜕𝐶′

𝜕𝑡′
+ 𝑤′(𝑟′, 𝑡′)

𝜕𝐶′

𝜕𝑧′
=

1

𝑟′

𝜕

𝜕𝑟′
  ( 𝑟′ 

𝜕𝐶′

𝜕𝑟′
) +

1

𝑃𝑒2
 
𝜕2 𝐶′

𝜕𝑧′2
,    𝐶′(𝑟′, 𝑧′, 0) =

𝛿(𝑧′)

𝑃𝑒
, 

 

(1)(a) 

𝜕𝐶′

𝜕𝑟′
(1, 𝑧′, 𝑡′) = −𝛽𝐶′(1, 𝑧′, 𝑡′), 𝐶′(𝑟′,∞, 𝑡′) =

𝜕𝐶′

𝜕𝑧′
(𝑟′, ∞, 𝑡′) = 0, 

 

(1)(b) 

where, C' is solute concentration, w' is axial velocity, r' is radial coordinate, z' is axial coordinate, t' is time, Pe is Peclet 

number and β is wall absorption parameter.  

 Constitutive equation of the momentum equation and H-B fluid model with the boundary conditions are  

 

 𝜖
𝜕𝑤′

𝜕𝑡′
= 4[1 + 𝑒 sin(𝛼2𝑆𝑐𝑡′)] −

1

𝑟′

𝜕(𝑟′𝜏′)

𝜕𝑟′
 , 

 

(2)(a) 

 
𝜏′ = 𝜏𝑦 + (−

𝜕𝑤′

𝜕𝑟′
 )

𝑘

,  if  𝜏′ ≥ 𝜏𝑦,  and 
𝜕𝑤′

𝜕𝑟′
= 0,  if  𝜏′ ≤ 𝜏𝑦, 

 

(2)(b) 

 𝑤′(1, 𝑡′) = 0,  and  𝜏′(0, 𝑡′) is finite . (2)(c) 

 where Sc is Schmidt number, τ' is shear stress, τy is yield stress, k is power law index, α is Womersley frequency 

parameter, e is amplitude of fluctuating pressure component, and rp is plug flow radius. The velocity profile of the 

governing non-linear partial differential equation   is obtained using the regular perturbation method with parameter ϵ 

= 1/Sc. 
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METHOD OF SOLUTION 

Barton (1983) method of moments has been  used and the 𝑚𝑡ℎ moment of concentration is 𝐶𝑚
′ (𝑟, 𝑡) =

∫ 𝑧′𝑚𝐶′(𝑟′, 𝑧′, 𝑡′)
+∞

−∞
𝑑𝑧   and  cross-sectional averaged 𝑚𝑡ℎ  moment is ⟨𝐶𝑚

′ (𝑡)⟩ = ∫ 2
1

0
𝑟′𝐶𝑚

′ (𝑟′, 𝑡′)𝑑𝑟′. The 

𝑚𝑡ℎ central moment about the mean concentration distribution is 

 𝑋𝑚(𝑡′) = (∫ ∫ 2
+∞

−∞
𝑟′(𝑧′ − 𝜇)𝑚𝐶′1

0
𝑑𝑧′𝑑𝑟′) / (∫ ∫ 2

+∞

−∞
𝑟′𝐶′1

0
𝑑𝑧′𝑑𝑟′)   and centroid is 𝜇 =

(∫ ∫ 2
+∞

−∞
𝑟′𝑧′𝐶′1

0
𝑑𝑧′𝑑𝑟′) / (∫ ∫ 2

+∞

−∞
𝑟′𝐶′1

0
𝑑𝑧′𝑑𝑟′).  

The exchange coefficient  𝜈0(𝑡
′) = 𝑑(log⟨𝐶0

′(𝑡′)⟩)/𝑑𝑡′ convection coefficient 𝜈1(𝑡
′) = −𝑑𝜇𝑔/𝑑𝑡′, dispersion coef-

ficient 𝜈2(𝑡
′) = (𝑑𝑋2/𝑑𝑡′)/2, skewness 𝜈3(𝑡

′) = 𝑋3/𝑋2
3/2

, kurtosis 𝜈4(𝑡
′) = 𝑋4/𝑋2

2 − 3.   

The mean concentrations distribution with the Hermite polynomials Hk is specified as  

𝐶𝑚𝑒𝑎𝑛(𝑧
′, 𝑡′) = ⟨𝐶0

′(𝑡′)⟩𝑒−𝜓2
∑ 𝐴𝑚(𝑡′)𝐻𝑚(𝜓(𝑡′))

∞

𝑚=0

, 
 

(3) 

Where  𝐻𝑘+1(𝜓) = 2𝜓𝐻𝑘(𝜓) − 2𝑘𝐻𝑘−1(𝜓), 𝜓(𝑡′) = (𝑧 − 𝜇(𝑡′))/√2𝑋2(𝑡
′), 𝐻0(𝜓) = 1,      

  𝑎0(𝑡
′) = 1/√2𝜋𝑋2(𝑡

′), 𝐴1 = 𝐴2 = 0,𝐴3(𝑡
′) = √2𝐴0𝜈3(𝑡

′)/24, 𝐴4(𝑡
′) = 𝐴0𝜈4(𝑡

′)/96. 
  

RESULTS AND DISCUSSION  

Figure 1 depicts the axial mean concentration 𝐶𝑚𝑒𝑎𝑛 distribution in the tube, taking into account up to the second 

𝑋2 and third moments 𝑋3, as well as all four moments 𝑋4 (or in other words, with the dispersion coefficient 𝜈2, 

skewness 𝜈3, and kurtosis 𝜈4). The skewness 𝜈3 shifting the mean concentration curve to the left, while the kurtosis 

𝜈4 minimising the peak of the mean concentration curve. A Gaussian distribution is obtained by pure solute diffusion. 

                                         

                                     
Figure 1. Axial mean concentration 𝑪𝒎𝒆𝒂𝒏 × 𝑷𝒆 variation with z’ including second moment, third moment and 

fourth moment at time t’ =0.1, when k=0.9, e=0.5, α =0.5, τy =0.05 and β =0.01. 

CONCLUSION  

The combined time-dependent data of exchange 𝜈0, convection 𝜈1, and dispersion 𝜈2 coefficients do not offer 

comprehensive information regarding unsteady solute distribution in any fluid flow. Higher moments, whether for 

Newtonian or non-Newtonian fluids, offer more detailed information on the unsteady solute dispersion in the flow 

field. 
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Title of the talk: Cancellation of Tollmien-Schlichting waves with localised surface heating 
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INTRODUCTION  

In studying the inviscid stability of parallel flows, Rayleigh's inflexion point criterion states that a necessary 

condition for instability is that the basic flow must have a point of inflexion. However fully developed channel flows 

with the Poiseuille profile, and boundary layers over flat plates do not have a point of inflexion and so are inviscidly 

stable. The theoretical work of Heisenberg, Tollmien and Schlichting in the early part of the 20th century however 

suggested that channel flows as well as boundary layer flows were unstable to an instability stemming from viscous 

effects, but this work was largely ignored by many fluid dynamicists including G.I. Taylor because viscosity was seen 

as a damping mechanism and not one likely to cause instability. There was no experimental evidence to back up the 

work of the German scientists. However, it wasn’t until the 1940s through the pioneering experiments of Shubauer & 

Skramstad (1948) who demonstrated for the first time that two-dimensional boundary layers  were unstable to a type 

of instability now known as Tollmien-Schlichting (TS) instability that this work gained credibility. In the experimental 

work of Shubauer & Skramstad (1948) instability waves were triggered by disturbances generated by a vibrating 

ribbon and their experiments were successful in being able to observe instability waves because of the low turbulence 

wind tunnels in which the experiments were performed. This allowed instability waves which were amplified 

downstream to be picked up by the instruments placed downstream of the vibrator, and the waves were seen to be 

directly responsible for causing transition to turbulence. 

There are many different mechanisms through which the TS instability is excited and not just via vibrating 

ribbons. In fact, free-stream turbulence wall roughness, as well as surface heating can all introduce disturbances which 

lead to the growth of TS waves. In many aerodynamic applications such as flow over aircraft wings, controlling and 

eliminating TS waves is important if one is interested in maintaining laminar flow with reduced drag and other 

favorable flow properties. In this paper, we discuss how localised surface heating can be used to control three-

dimensional TS instability. Our theoretical approach is able to explain the experimental work of Liepmann et al. 

(1982), Liepmann & Nosenchuck (1982) who showed how it is possible to reduce unstable Tollmien-Schlichting wave 

amplitudes using unsteady surface heating. In their experiments one heating strip was used to generate an unstable 

wave and another heating strip positioned further downstream with a suitably phase-controlled signal, could be used 

to either reinforce or cancel the generated wave via a feedback loop. 

METHODOLOGY  

In the current work we consider a two-dimensional compressible boundary layer flow encountering a three-

dimensional vibrator and with localised surface heating present. The Reynolds number is assumed to be large and we 

choose the scalings and sizes of the vibrator such that they align with the triple-deck scales. It is now well known that 

the unsteady triple-deck equations govern the linear and nonlinear development of disturbances in boundary layers, 

see for example Smith (1979). In the current work using matched asymptotic expansions, the governing equations are 
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shown to reduce to the three-dimensional unsteady triple-deck equations with thermal effects included. The full 

equations and boundary conditions are given in Brennan et al. (2021). We study the linearized version of these 

equations both analytically and numerically for small disturbance amplitudes.  

 

RESULTS AND CONCLUSION 
 

From the analysis it is possible to deduce an exact formula for TS wave cancellation with an appropriate choice of 

wall heating function. The application of this formula is shown in Figure 1 for an unstable frequency 𝜔 = 2.5  and 

zero Mach number. The formula is shown to work equally well for non-zero Mach numbers as well. This is the first 

time such a formula has been explicitly derived and shown to work, albeit for a model problem. 

 
Figure  1. Results from numerical simulation showing development of unstable TS waves at an unstable 

frequency at various time periods (a) 3Tp, (b) 5Tp, (c) 7Tp . In a),b) c) the left hand figure shows the wave 

developing with no cancellation formula, the right hand side shows wave development with cancellation active.  
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Title of the talk: Multi-scale Coarse-graining of Diffusion-Convection-Reaction Models 

 

 

INTRODUCTION  

 

Due to the fact that the length and time scales associated with continuum models of diffusion-convection-reaction 

(DCR) type vary from the molecular scale (∼ 10−10 m in length and 10−9 s in time) to the process scale (∼100 m in 

length and 104 s in time), for most cases of practical interest, even with the present day computational power, it is 

impractical to solve the detailed models of these systems (consisting of several nonlinear partial differential equations) 

and explore all the different types of solutions that exist in the multi-dimensional parameter spaces. Accurate coarse-

grained reduced order models that retain the multi-scale physics and expressed in terms of measurable variables (such 

as mixing-cup temperature or concentrations) are desired for the purpose of design, control, optimization, and real 

time simulations of these systems.  

  We have shown that the Liapunov-Schmidt (L-S) technique of classical bifurcation theory is an excellent multi-

scale averaging technique for DCR models that describe many physical systems of interest to engineers and scientists 

[Balakotaiah & Chang, 2003; Balakotaiah & Chakraborty, 2003]. This procedure starts with detailed models based on 

the fundamental laws and takes advantage of the separation of the length or time scales (expressed in terms of one or 

more small parameters in the dimensionless form of the model) to reduce the spatial and/or temporal degrees of 

freedom and to obtain multi-mode multi-scale low-dimensional models in terms of measurable quantities (such as 

cup-mixing concentration or phase averaged temperature). This procedure is rigorous and is equivalent to the Taylor 

expansion of a more detailed fundamental model in terms of one or more small parameters representing separation of 

length/time scales in the original model. In such an expansion, the lowest order term represents the conservation law 

at the macro scale while higher order corrections modify the model by including the physical phenomena at smaller 

and smaller length scales.  

In earlier work, we have also discussed the convergence and accuracy of various truncated coarse-grained 

models, and their connection to the two important concepts in transport phenomena, namely, the dispersion coefficient 

and transfer coefficient [Ratnakar & Balakotaiah, 2010]. It was shown that even when there is scale separation in the 

physical problem, the range of validity of the truncated averaged models is limited by the high frequency components 

present in the initial /inlet conditions or point sources/sinks and/or fast volumetric or wall reactions. Because of this 

limitation, the use of dispersion coefficient concept (with a single or fewer than a minimum number of modes) and a 

parabolic description can lead to many conceptual difficulties (such as negative dispersion coefficients, upstream 

propagation of signals even in convection dominated systems, and so forth). In contrast, truncated multi-mode reduced 

order models derived by the L-S method with the transfer coefficient concept and a hyperbolic description retain the 

physics at all length and time scales, even though the accuracy may be limited. We have illustrated these concepts 

using examples from various applications in the areas of catalytic reaction engineering, chromatographic theory and 

tracer dispersion [Ratnakar & Balakotaiah, 2011].  

In the present work, we discuss various extensions of the LS method of averaging to diffusion-reaction, convection-

reaction and diffusion-convection-reaction models describing single and multi-phase systems. 
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RESULTS AND DISCUSSION 

 

In the first part of this work, we discuss the theoretical/mathematical aspects of the L-S reduction with focus 

on how to include the initial/inlet/boundary conditions in the averaging procedure, proper scaling of the model, the 

use of multiple modes to write the global and local equations and the convergence and accuracy aspects of the averaged 

model. We also present some specific examples of rigorously derived low-dimensional models (e.g. laminar dispersion 

with point sources in time/space, monolithic catalytic reactors, and transport in porous media). In the second part, we 

extend the multi-scale averaging technique to multi-phase systems with reactions in one or more phases. These reduced 

order models are expressed in terms of phase averaged concentration/temperature modes with inter as well as intra-

phase (dispersion) fluxes. The various fluxes are determined by the local equations that are linear in these modes and 

fluxes, similar to the Maxwell-Stefan equations of multi-component diffusion. It is also found that the structure of 

these multi-phase averaged models is fundamentally different from the traditional models. We provide physical 

interpretation of the various inter and intra-phase transfer coefficients appearing in the reduced order models and also 

methods for evaluating them. The accuracy of the reduced order models is illustrated by comparing with the exact 

solutions for selected cases and also with other models in the literature. In the third part, we present further extensions 

of the method to coupled heterogeneous reacting systems and detailed micro-kinetics corresponding to extremely 

small length and time scales [Tu et al., 2022]. We determine the mesh size independent solutions of the detailed models 

and compare the same with those obtained with the reduced order models. We show that the reduced order model has 

the same accuracy as the mesh size independent detailed solution while speeding up calculations by three orders of 

magnitude for the example studied, and possibly by several more orders of magnitude for more complex real systems. 

Finally, we show some applications of reduced order models for real time (and faster than real time) simulations of 

physical systems on a desktop computer.  
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Title of the talk: Cylindrical Rayleigh-Bénard convection: Study of regular, periodic and chaotic convection  

 

Abstract: Cylindrical analog of ‘Rayleigh-Bénard convection in a rectangular enclosure’ is studied by considering 

the linear and weakly nonlinear realms of convection for investigation. Emphasis in the work is on making an analyt-

ical study using Bessel functions as part of the eigenfunctions in the conductive and convective modes. The analysis 

then is classical in nature with the normal mode used for the linear theory and the minimal Fourier-Bessel series 

representation used for the non-linear theory. The linearized version of the cylindrical-Lorenz model yields infor-

mation on regular convection in the form of either direct or Hopf bifurcation. The full model with nonlinearities similar 

to that seen in the classical Lorenz model is analysed to extract information on periodic and chaotic regimes of con-

vection. The similarities and differences between the cylindrical and rectangular counterparts of Rayleigh-Bénard 

convection are brought out and discussed. Knot instability and emergence of turbulence are not for the present a part 

of this work. Possible applications of the study shall be highlighted. 
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Title of the talk: Reaction-induced hydrodynamic instability in miscible fluids 

 

Abstract: Hydrodynamic instabilities of fingering patterns are observed while displacing a less viscous fluid by 

another more viscous one through porous media or Hele-Shaw cell, which is called viscous fingering instability. Such 

instability is pervasive in the transport phenomena in several applications in porous media flow type, e.g., enhanced 

oil recovery, liquid chromatography, CO2 sequestration, etc. Moreover, instabilities at the fluid-fluid interface in 

enhanced oil recovery processes such as polymer flooding remain a significant challenge. Also, this instability is likely 

to be detrimental to the separation efficiency in the separation process. Depending on the application, either a stable 

or an unstable pattern is desirable, and therefore understanding to control such interfacial fingering instabilities is very 

important. This talk discusses modeling and the possible mechanism to control the instability pattern through a second-

order chemical reaction. The linear stability analysis and non-linear simulation based on an efficient scheme of finite 

difference and spectral methods will be presented in comparison to the corresponding experimental investigations. 
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Title of the talk: Fluid flow simulations through Discrete Velocity Models 

Abstract:  Kinetic theory of gases has been an efficient foundational framework for generating computational 

models and numerical algorithms for simulating fluid flows.  Research in the past few decades has shown that 

discrete velocity models simplify the existing frameworks and yet are flexible enough to introduce the required 

accuracy in the algorithms.  A review of the discrete velocity based computational algorithms generated over the 

past few decades in our CFD lab will be presented.  Topics covered include the mesoscopic modelling through 

Lattice Boltzmann Method as well as finite volume methods. 

 

 

                                                                                         
 

 
 

 

 

Title of the talk: Quantum Turbulence: Why should you care? 
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Title of the talk: Raindrops and other particles in vortices, and what they remember 

Abstract: There is a problem in cloud physics called the "droplet growth bottleneck", which is that raindrops grow 

much faster than condensation rates and gravitational collisions can explain. Turbulence in the cloud is supposed to 

bridge the gap. I will outline this problem, and show how the flow near one vortex can provide some answers. I will 

talk about the memory force. 

 

Title of the talk: Hydrodynamics in modular multiphase reactors: A Performance Perspective 

 

 

 

Title of the talk: Entropy beyond equilibrium: A curious case of polyatomic gases 

Abstract: In the classical irreversible thermodynamics approach, the Navier-Stokes-Fourier (NSF) constitutive 

equations are obtained so as to satisfy the entropy inequality; assuming that the entropy flux is equal to the heat flux 

over the temperature. In this talk, I will present two approaches to the extended fluid dynamics models for 

polyatomic gases:  

(1) A second-order constitutive equations for polyatomic gases; it takes the basis of CIT, but most importantly, 

allowing up to quadratic nonlinearities in the entropy flux, and 

(2) The regularized 11 moment equations using an extended moment method. 

Mathematical similarities between the proposed model and the classic Stokes-Laplace equations are exploited so as 

to construct analytic/semi-analytic solutions for the slow rarefied gas flow over different shapes; the model’s 

prediction for the drag force is in excellent agreement with the experimental data over the whole range of the Knudsen 

number. 
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INTRODUCTION 

This paper illustrates the thermo-convective flow of a water-copper mono-nanofluid over a vertical 

flat surface which is subjected to sinusoidal temperature variations. The effect of the pertinent parameters 

on the nature of the flows and the heat transfer has been discussed qualitatively. The Keller-Box scheme has 

been used to solve the resulting boundary value problem numerically. The dimensionless stream function, 

velocity and temperature curves have been illustrated. To study the nature of the flows, streamline and 

isotherm plots have also been compared, which reveal that the volume fraction and amplitude of surface 

variations play a pivotal role in enhancing heat transfer. The results also indicate that, raising the volume 

fraction leads to a reduction in the shear stress at the surface, while the rate of surface heat transfer gets 

augmented. On the contrary, the amplitude of the temperature variation serves to amplify both these 

properties. 

 

MATERIALS AND METHODS 

In order to study how the surface temperature variations affect the flow, the equations governing the 

boundary value problem are reduced to a non-similar system of equations (Rees (1999)), which are solved 

using the expressions for stream function and then, the Keller-Box scheme is applied (Keller (1978)). 

 

RESULTS AND DISCUSSION 

 The surface shear stress, fηη(ξ,0) decreases significantly with an increase in N, which is responsible in 

the elevation of the rate of surface heat transfer, θη(ξ,0). In contrast, the effect of α is to amplify both fηη(ξ,0) 

and θη(ξ,0). 

 

CHAPTER -1 
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Figure 1. Variation in surface shear stress, fηη(ξ,0), with different volume fractions, N, and variation 

of the amplitude, α, of the surface temperature  

 

 
Figure 2. Variation of the rate of surface heat transfer, θη(ξ,0), with N and α 

        The isotherm plots clearly indicate an augmentation of the heat transfer with the collective and indi-

vidual increases of N and α.  

 
Figure 3. Isotherm contours for the sinusoidal temperature variation  

CONCLUSION 

      One can conclude that increasing the volume fraction of the nanoparticles enhances the heat transfer but 

reduces the surface shear stress. Moreover, a sinusoidal temperature variation on the flat surface serves to 

further improve the heat transfer characteristics in such situations. The results obtained from this study have 

potential applications in the manufacturing of nanofluids, and in industries utilizing nanofluids for processes 

which require a significant boost in the heat transfer. 
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INTRODUCTION 

In order to generate a colloidal solution, distinct types of nanostructures (more than one) or 

hybridized nanocomposites are suspended in the pure liquid to develop a new category of nanofluids 

recognised as the hybrid nanofluids (HNF). The hybrid nanomaterials combine the physical and chemical 

properties of various materials at the same time, offering the properties in a homogeneous phase. Mastery 

in the domains of hydromagnetic flow of Casson tri-hybridrized nanofluid (THNF), taking Hall and ion-

slip currents into account, is necessary for power generators,  MHD accelerators, electric 

transforms, transmission lines, heating elements, refrigeration coils, etc. Recently, many researchers [Ali 

et al. (2021), Mahmud et al. (2022), Veera Krishna (2021a,b)] have investigated the influence of Hall and 

ion-slip currents on flow dynamics. 

A thorough review of literature indicates that there are no researches regarding the impacts of Hall 

and ion-slip currents on a time-dependent gyrating flow of Casson tri-hybridrized nanofluid (THNF). In this 

study, Hall and ion-slip currents on a time-dependent gyrating flow of Casson tri-hybridrized nanofluid 

(THNF) past a vertically fluctuating plate with ramped motion, Newtonian heating and chemical reaction in 

a porous environment has been inspected. Tri-hybridized nanoparticles (copper-titania-alumina) are 

scattered into the blended base Casson liquid water-ethylene glycol mixture (vol.60–40 %). Heat transit is 

investigated as a physical consequence of thermal radiation. Darcy's law is used in the flow field to engage 

to the permeability of the porous material. In the beginning, the modelled problem is explained in terms of 

physical conditions and partial differential equations (PDEs). The resulting non-dimensional PDEs are 

solved analytically using the powerful Laplace transform technique. Several graphs and tables are plotted to 

visualise and explain the physical consequences of significant variables linked to flow features  of industrial 

concern.   

 

MATERIALS AND METHODS  

 

The equations describing incompressible non-Newtonian Casson tri-hybridized nanofluid flow 

taking Hall and ion-slip currents into account are 
2
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The initial and boundary conditions for the fluid stream past the electrically non-conducting plate with 

ramped motion and Newtonian heating are  
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where 0t  is the characteristic time and 
2

0 0= ft v u . The Laplace Transformation method is applied to the 

equations (1-5) after non-dimensionalized with suitable non-dimensional variables to obtain closed-form 

solutions. Several graphs and tables are plotted to visualise and explain the physical consequences of 

significant parameters to flow features of industrial concern. 

 

RESULTS AND DISCUSSION  

 

It is witnessed that the primary velocity gets a decrement while the absolute secondary velocity is energized 

for mounting gyrating parameter 
2K  in both cases THNF and HNF. Greater estimations of 

2K  imply higher 

gyrating effects and the fluids nearby the gyrating axis is propelled vertically outward directions due to the 

centrifugal force. The THNFs or HNFs are then substituted by the heated nanofluids transferring in the axial 

direction. Therefore, the secondary velocity profile in gyrating environment uplifts for elevating estimations 

of rotation. Coriolis force generates a flow in reverse direction. The consequences of magnetic field dominate 

both velocity components while Hall and ion-slip parameters explore reversal conduct on these components. 

A comparative inspection for tri-hybridized and hybridized nanofluids is carried out. It is witnessed  that the 

THNFs temperature is higher compared to HNF. This behaviours of NFs or HNFs or MHNFs can be used 

in cooling system, for example, polymer processing industries. 

 

CONCLUSION  

 

The key outcomes of this research are succinctly mentioned as follows: (1) The effectiveness of Hall 

and ion-slip currents promote the velocity components but reversal conduct is detected for magnetic field, 

(2) The temperature for THNF is discerned to be significantly greater than HNF,  (3) The obtained findings 

are of critical interest in chem-reactors, chemical and polymer industry segments,  and nutrient 

manufacturing, (4) Future researches may examine the entropy development in the flow of ionic magnetic 

tri- hybridized nanolubricants with non-Newtonian fluid models.. 
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INTRODUCTION  

The potential for various types of energy storage has been greatly enhanced by the increased use of 

renewable energy sources in the energy sector today. Lithium-ion batteries are a leading contender in a wide 

range of storage applications, including electric vehicles (EVs) because of their lightweight and high energy 

density properties. However, despite their promising future, battery systems face significant challenges, such 

as safety issues, cost, a short cycle life, and temperature-related issues. The performance, longevity, and 

safety of Li-ion batteries are greatly affected by temperature. For these batteries, the optimal working 

temperature range is 15–35 °C (Liu et al., 2017). The major goal of the study is to prevent the thermal 

runaway condition by keeping the maximum temperature of the batteries within the safety limit and 

establishing temperature uniformity between cells. From 2020 to 2030, the market share of EVs is expected 

to expand by roughly 15 to 30 percent, with potential for development in the following decades (Zhang et 

al., 2015). 

MATERIALS AND METHODS  

           15-S (series) configuration batteries (Li-ion cylindrical 18650 2200 mAh) are placed having two 

distributed channels connected to the container through a pump. Two outlets from the inlet and outlet were 

connected to the U-tube manometer to measure the pressure drop in the distributed channel. The schematics 

sketch of the experimental setups is shown in Fig. 1. A combination of 15 Li-ion batteries is arranged into a 

3×5 matrix so that they all are connected in a 15-S combination inside a rectangular channel made from 

aluminum and have a thickness of 1 mm. Due to the load unit's limited power capacity in terms of voltage 

and ampere, this number of batteries was chosen.  A power supply having specification (balanced charger 

382275 60 V 10A DC  supply) coupled to a multifunction high power load unit and a Li-ion battery 

management circuit board was used for the charging and discharging respectively, which is shown in Fig. 2, 

when they are in discharging condition. Fifteen K-type thermocouples were attached to the surface of the 

battery to measure the temperature. As a working fluid, we used a binary fluid which is a solution containing 

20 % (volume percentage) Ethylene Glycol (EG)  and 80 % of water. In each experimental reading average 

temperature was noted after 120 seconds, 300 seconds, 420 seconds, and 600 seconds at different discharges 

of 1.2 C, and 2.1 C, The pressure drop was estimated using a U-tube manometer.   
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   Figure 1. Schematics diagram of the experimental setup     Figure 2. Experimental setups during discharging                                                                                                 

 

RESULTS AND DISCUSSION 

        The main objective of the study is to maintain the maximum temperature of the batteries within the 

safety limit and to maintain temperature uniformity between the cell i.e. ± 5C to avoid thermal runaway 

condition. The impact of different channel flow configurations on the cooling performance of the Li-ion 

battery is investigated at different discharging rates of 1.2 C and 2.1 C, which is compared with without 

cooling cases. The ambient temperature was noted as 28C and the temperature of the working fluids was 

20C. As the discharging rate increases, the average temperature of the battery (Tavg,c) also increases at a 

rapid rate. The Tavg,c is about 42C for 1.2 C at 600 seconds in the case of without cooling as shown in Fig. 

3, and with a further increase in the discharging rate, the Tavg,c is about 49C for 2.1 C at 600 seconds as 

shown in Fig. 4. It is concluded that the temperature of batteries inside the battery pack also increases with 

increasing discharging rate, which is nearly an unsafe temperature limit for that we use cooling of battery 

with the help of binary fluid. After a different interval of time and at different discharge rates, the working 

fluid also gains heat from the batteries through conduction as well as convection. The variation in Tavg,c for 

different flow configurations at discharging rates of 1.2 C and 2.1 C is illustrated in Fig. 3 and Fig. 4 

respectively. 

                                               
      Figure 3.  Tavg,c v/s time at a discharge rate of 1.2 C             Figure 4. Tavg,c v/s time at a discharge rate of 2.1 C 

In a single channel, the cooling is low as compared to the other two configurations. In a single-channel, 

maximum drop in temperature is observed at 4C and 8C at a discharging rate of 1.2 C and 2.1 C 

respectively having a mass flow rate of 0.02235 kg/s. In a dual-channel where the flow is parallel, a drop in 

temperature is more and a cooling effect can be seen more effectively in this case maximum drop in 

temperature is observed as 6C and 10C. Whereas in the case of dual-channel having the counter-flow 
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configuration, a maximum drop in temperature of about 7C and 11C is observed at a discharging rate of 

1.2 C and 2.1 C respectively. 

 

CONCLUSION  

 

        Among all the configurations, dual-channel having a counter-flow configuration gives the highest 

cooling efficiency of 14.20% and 22.50% at a discharge rate of 1.2 C and 2.1 C, respectively.  
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INTRODUCTION  

The convection in a Casson fluid layer are performed in the presence of vertical harmonic vibrations 

for the linear and weakly nonlinear cases. In the linear analysis, expression is obtained for the Correction-

Rayleigh-number arising due to the vibrations. The nonlinear analysis based on the Ginzburg-Landau 

equation is used to compute the Nusselt-number with repect to the Correction-Rayleigh-number. The mean-

Nusselt-number is then obtained as function of the scaled-Rayleigh-number, the amplitude of modulation, 

the frequency, the Prandtl number, and the Casson parameter. The non-autonomous amplitude-equation is 

numerically evaluated by Runge-Kutta-Fehlberg45 method. From the study, it’s examined that the influence 

of increasing the amplitude of modulation, lead to a delayed-onset situation and thereby to an enhanced-

heat-transport situation. For small and large frequencies, the influence of increase in the frequency of 

oscillations is to decrease the Critical-Rayleigh-number. However, the mean-Nusselt-number decreases with 

increase in the frequency of oscillations only in the case of small frequencies. The influence of increase in 

the value of the Casson parameter lead to an advanced-onset and thereby to an augmented-heat-transfer in 

the system.  

  

MATERIALS AND METHODS  

In the linear analysis, expression is obtained for the Correction-Rayleigh-number arising due to the 

vibrations. The nonlinear analysis based on the Ginzburg-Landau equation is used to compute the Nusselt-

number with repect to the Correction-Rayleigh-number. The non-autonomous amplitude-equation is 

numerically evaluated by the Runge-Kutta-Fehlberg45 method. 

 

RESULTS AND DISCUSSION  

From figure (1), we see the graph of the Correction-Rayleigh-number (R2C) versus the frequency 

(Ω), for various values of casson parameter (β) and it is inferred that as β increases, R2C decreases. 

Therefore, increase in the value of β is to advance the onset of convection. 

Figure (2) is the graph of mean-Nusselt-number ( Nu ) versus Ω, for various values of β and it is 

inferred that as β increases, Nu  decreases resulting in diminished heat-transport. Also, we see from the 
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figure that, for small values of frequencies, Nu  decreases with Ω. However, Nu  increases for large values 

of Ω. 

 

 

 
Figure 1: Plot of R2C versus Ω, for different values of β. 

 

 
Figure 2: Plot of Nu versus Ω, for different values of β. 

 

CONCLUSION  

From this work, we conclude the following: 

1. Increase in the values of the Casson parameter (or decrease in the yield-stress) give rise to advanced-onset 

and thereby to an augmented-heat-transfer in the system.  

2. Increasing the value of Prandtl number is to decrease the heat-transport. 

3. The influence of increase in the frequency of vertical harmonic oscillations is to decrease or increase the 

heat-transport based on the value of Ω. However, the influence of increasing Ω is to stabilize the system for 

all values of Ω. 
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INTRODUCTION  

The use of cryogenic fluids is unavoidable to cool any material or equipment to the cryogenic 

level. However, the cooling capacity of cryogenic fluids without phase change are considerably low 

because of the small temperature difference and operating range of cryogenic fluids in their liquid state. 

Cryo-fluids with a phase change could increase heat carrying capacity to some extent, but handling such 

a system requires additional cooling circuits to bring back the fluid to a liquid state again. Moreover, 

the chances of leakage will also be high. This problem can be alleviated by adding nanoparticles, which 

will enhance the thermophysical properties of cryogenic fluids in their liquid state. The effects of 

nanoparticles in cryo-fluids have been explored limitedly in the past. In this direction, Dondapati et al. 

(2017) and Uppada et al. (2020) have investigated the effects of nanoparticles using the homogeneous 

computational model, which usually predicts inaccurate results for the high Reynolds number flows. 

Moreover, these studies also ignore the variation in thermophysical properties of base liquid nitrogen 

(LN2) with temperature change, which is as high as ~70% for the flow viscosity between the temperature 

range of 64 K – 83 K and 2 bar pressure.  

In the present study, a compact cylindrical tube, which is a building block of various heat exchangers, 

is analyzed computationally using the Ansys 18.1 solver. A cylinder of 7.8 mm in diameter and length of 

873 mm is heated with a constant heat flux rate of 91300 W/m2. The investigation focuses on changes in 

heat transfer properties and pressure losses of base LN2 by mixing Al2O3, SiC, and TiO2 nanoparticles at 

different volume concentrations. In this, the effects of variable thermophysical properties of LN2 are also 

considered, and a comparative study is made between the homogeneous and discrete phase mixture 

computational models. Finally, the overall enhancement in the heat transfer properties and the pressure losses 

are investigated using the mixture computational model.  

 

MATERIALS AND METHODS 

The present work considers the variable thermophysical properties of base LN2 with Al2O3, TiO2, 

and SiC nanoparticles at 2 bar pressure. The properties of nanoparticles at a 77 K temperature are mentioned 

in Table 1. A two-phase mixture model that can handle the solid-liquid discrete phases separately and con-

sider the drift velocities between them is employed to solve the accurately cryo-nanofluid system. The flow 

inside the pipe is fully turbulent (Re ≈ 64000, based on the inlet velocity and pipe diameter), which has been 

resolved using the Realizable k-ε turbulence model with standard wall model. 
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Table 1. Thermophysical properties of nanoparticles at 77 K. 

Nanopar-

ticles 

Densit

y 

(Kg/m
3) 

Specific 

heat (J/kg-

k) 

Thermal 

conductivity (W/m-

k) 

    
Al2O3 3970 60 157 

TiO2 4157 161.905 32.776 

SiC 3160 52 4000 

    
 

RESULTS AND DISCUSSION 

At first, the validation of the computational setup is performed (Figure 1) using the reference results reported 

by Dondapati et al. (2017). As per the reference, the validation study employs the homogeneous 

computational model for the cryo-nanofluid simulations and considers the constant LN2 thermophysical 

properties at 77 K. As can be seen, the computation results shown for the average temperature difference 

between the outlet and inlet planes closely agrees with the reference results with the maximum error of less 

than 2%. Further, Figure 2 shows the enhancement in heat transfer coefficient (HTC) of base LN2 with the 

addition of three nanoparticles at different volume concentrations. The inlet velocity for this study is kept 

fixed at 2.5 m/s. The simulation employs a discrete phase mixture model, where the effects of variable 

thermophysical properties of base LN2 with temperature are considered. As can be seen, SiC gives a 

maximum 2.7 times enhancement in HTC at 0.5% volume concentration, while the TiO2-based cryo-

nanofluids show the least enhancement of 17% as compared to the pure LN2.   

  

Figure 1. Temperature difference plot for 

pure LN2 with different mass flow inlet. 

Figure 2.  HTC profile at outlet section for all 

nanofluids with different volume concentra-

tion. 

 

Figures 3 and 4 show the difference in temperature contours of pure LN2 and SiC-based cryo-

nanofluid. In all the cases, the maximum temperature inside the cylinder is bound within the limit of 

evaporation temperature of 84 K for LN2 at 2 bar pressure. Moreover, the addition of nanoparticles reduces 

the difference between the wall and bulk fluid temperature, leading to the enhancement in HTC, as per 

Newton's law of cooling.  

  
Figure 3.  Temperature contour plot of pure 

LN2 obtained for the flow inlet velocity of 

2.5m/s. 

Figure 4.  Temperature contour plot of 

LN2+3%SiC obtained for the flow inlet veloc-

ity of 2.5m/s. 
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CONCLUSION 

It has been observed that the addition of nanoparticles in the cryo-fluids increases the HTC of LN2 by 

many folds. Moreover, it has also been observed that a little addition of SiC nanoparticles (0.5%) is sufficient 

to enhance the overall heat carrying capacity of base LN2 cryo-fluids.  
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1. INTRODUCTION 

Scour at the bridge abutments is the major cause of the damage to the bridges. Scour is defined as the 

removal of dirt and debris from a bridge foundation due to fast-moving water. Collars used as a 

countermeasure which are integrated around the abutment, control this scour effect as it acts as a barrier by 

reducing the upward flow of fluid which decreases the negative pressure at the bottom. The effect of a collar 

as a countermeasure to reduce negative pressure at the bottom is determined using ANSYS software by 

simulation considering various parameters that include various sizes of collars 0.26m, 0.27m, 0.28m at 

various positions 0.5m, 0.75m, 1.25m, and 1.5m from the bed level. The simulation is carried out under a 

symmetric top surface to determine the negative pressure.  

 

2. METHODOLOGY 

A Parallelopiped fluid domain of 6m-2m-3m is created in which a slot for abutment with a width of 0.25m 

integrated with a collar is considered for the simulation analysis. The fluid domain has meshed and refined 

at high concentrated area. The side face and top face are considered symmetric and the side adjacent to the 

wall and the bottom level are considered as the wall. The collar integrated around the abutment with different 

sizes of 0.26m, 0.27m, 0.28m, positioned at various heights of 0.5m, 0.75m, 1.25m and 1.5m from the bed 

level is considered a wall-bound simulated for pressure analysis. The pressure at the bottom is analysed at 

different velocities for different parameters mentioned. From simulation results, it is observed that negative 

pressure at the bottom of the abutment reduces by increasing collar width and reducing collar height distance 

from the bed level. 

 

 
Fig 1. Collar around the abutment is meshed and refined. 

 

 
Fig 2. Fluid domain in setup. 

 

3. RESULTS 
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The following table represents negative pressures at the bottom of the fluid domain at different velocities at 

0.25m width of abutment with collars of 0.26m, 0.27m, 0.28m widths for the fluid domain of 6m-3m-2m 

dimensions.  

 

 

 

 

 

Table 1. Determining negative pressures at bottom with collar at different widths. 

 

 

 

 

 

 

 

 

The following tables represents negative pressures at the bottom of the domain at different velocities and at 

different collar heights from the bottom level (bed level) with collar of 0.28m and 0.27m width. 

 

Table 2. Determining negative pressure when collar of 0.28m placed at different heights from the 

bottom. 

 

 

 

 

 

 

 

 

 

Table 3. Determining negative pressure when collar of 0.27m placed at different heights from the 

bottom. 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSIONS 

• The size of collar width plays an important role in reducing the scour depth at the bottom of the 

abutment. Using collars of greater width around the abutments decreases the negative pressure at the 

 

Velocity(m/s) 

Collar width 0.26m Collar width 0.27m Collar width 0.28m 

Maximum 

Pressure   

(kPa) 

Negative 

pressure 

(kPa) 

Maximum 

Pressure   

(kPa) 

Negative 

Pressure 

(kPa) 

Maximum 

Pressure   

(kPa) 

Negative 

Pressure 

(kPa) 

1m/s 0.310 -0.830 0.312 -0.821 0.321 -0.814 

2m/s 1.268 -3.375 1.269 -3.347 1.308 -3.305 

3m/s 2.880 -7.887 2.884 -7.581 2.972 -7.508 

Velocity 

 

Height 

of collar 

1m/s 2m/s 3m/s 

Maximum 

Pressure 

(kPa) 

Negative 

Pressure 

(kPa) 

Maximum 

Pressure 

(kPa) 

Negative 

Pressure 

(kPa) 

Maximum 

Pressure 

(kPa) 

Negative 

Pressure           

(kPa) 

1.5m 0.3127 -0.869 1.274 -3.528 2.891 -7.994 

1.25m 0.3126 -0.862 1.274 -3.495 2.888 -7.930 

0.75m 0.3217 -0.846 1.312 -3.474 2.984 -7.864 

0.5m 0.3268 -0.844 1.331 -3.433 3.018 -7.744 

Velocity 

 

Height 

of collar 

1m/s 2m/s 3m/s 

Maximum 

Pressure   

(kPa) 

Negative 

Pressure 

(kPa) 

Maximum 

Pressure   

(kPa) 

Negative 

Pressure 

(kPa) 

Maximum 

Pressure   

(kPa) 

Negative 

Pressure 

(kPa) 

1.5m 0.3230 -0.928 1.303 -3.740 2.958 -8.470 

1.25m 0.3293 -0.909 1.334 -3.695 3.018 -8.357 

0.75m 0.3254 -0.879 1.355 -3.589 3.072 -8.130 

0.5m 0.310 -0.852 1.287 -3.461 2.925 -7.880 
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bottom. They act as the barrier for the fluid flow and obstruct the wave formation to greater heights, 

which could increase the negative pressure responsible for the scouring effect. 

• It is observed that the negative pressure is reduced at the abutments of collars at lower heights, 

i.e.,0.5m (decreased elevation) compared to collars located far away from the bottom level, i.e. 

(0.75m,1.25m,1.5m). Hence, it proved that the abutments with collars arranged at lesser elevation or 

near to the bed level form fewer height waves, thereby decreasing the negative pressure. 
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INTRODUCTION:  

The electrophoretic technique often used for the correct measurement of electric charge, more specifically 

the 휁-potential of the colloidal particles. The classical works on the electrophoresis of rigid colloids often 

consider the no slip boundary conditions along the surface of colloids. However, there are various 

environmental and functionalized nanoparticulates which possesses hydrodynamic slipping behavior along 

their surface [Kobayashi (2020)]. Thus, the measurement of surface potential using the classical theories of 

electrophoresis of rigid colloids [Henry (1931), Obrien and White (1978)] may give rise a significant 

discrepancy in the measured value of surface potential from its actual value. For hydrophilic colloids, the 

tangential component of fluid velocity vanishes along its surface. However, such an assumption is certainly 

invalid for hydrophobic rigid particles. For such cases we need to consider the Navier-slip boundary 

condition along the particle surface [Ohshima (2019)]. For hydrophobic particles, the electrohydrodynamic 

behavior is not only influenced by surface 휁-potential, but also by the nonzero slip length (𝛬 that 

characterizes the hydrophobic behavior of nanoparticulates. In the present study we are intended establish a 

tractable analytical theory for the electrophoretic mobility (electrophoretic velocity per unit field strength) 

expression for hydrophobic rigid colloid carrying low, moderate and high ζ-potentials in the extent of binary 

symmetric 𝑧: 𝑧electrolytes.  

MATERIALS AND METHODS:  
We consider here the motion of hydrophobic rigid colloids exposed under weak electric field. For such a 

case the deviation of electrolyte concertation, electrostatic potential, electrochemical potential, space charge 

density due to mobile electrolyte ions etc. (𝑛𝑖(𝑟), 𝜓(𝑟) 𝜇𝑖(𝑟) and  𝜌𝑒(𝑟) from their respective equilibrium 

values are small. Here we use the linearization technique of O’Brien and White (1978) to derive the 

expression for mobility involving integrals valid for arbitrary surface potential. We further derive closed 

form analytical results for electrophoretic mobility valid for low potential limit. To derive the same, we have 

invoked Debye-Huckel linearization technique. Besides, we have also used the asymptotic analysis for the 

closed form analytic derivation of electrophoretic mobility, which is applicable for any value of 휁-potential 

and  at large 𝜅𝑎(𝜅𝑎 ≥ 𝑐𝑎. 30). Here 𝜅−1 and 𝑎 are the Debye-layer thickness and radius of the particle, 

respectively.  

RESULTS AND DISCUSSION: 

Under low 휁-potential approximation, the mobility expression can be obtained as 

𝜇 =
𝜀𝑒𝜁

𝜂
{(

𝛬

𝑎+2𝛬
) 𝜅𝑎 + (

𝑎+𝛬

𝑎+2𝛬
) + 2𝑒𝜅𝑎𝐸5(𝜅𝑎) − (

5𝑎

𝑎+2𝛬
) 𝑒𝜅𝑎𝐸7(𝜅𝑎)}                                       (1) 

where 휀𝑒 , 휂 are dielectric permitivity and viscosity of electrolyte solution, respectively. The Debye-layer 

thickness 𝜅−1 is defined as 𝜅−1 = (2𝑧2𝑒 𝑛∞ 휀𝑒⁄ 𝑘𝐵𝑇)1 2⁄ . The expression 𝐸𝑖(𝜅𝑎) in (1) refers the 

exponential integrals. Expression (1) is valid for weakly charged hydrophobic rigid colloids in the extent of 

binary symmetric 𝑧: 𝑧electrolytes. In Fig. 1a we have shown graphically the dependednce of electrophoretic 

mobility on the cocnetration of electrolytes considering 𝛬 = 0 (hydrophilic) and 𝛬 = 0.01𝑎(hydrophobic). 

We observe a singnificant enhancement in mobility for hydrophobic particle and the difference in mobility 

for hydrophobic and hydrophilic particles increases with the rise in electrolyte concetration.  We further 

derived the mobility expression for moderate to highly charged hydrophobic rigid colloids in the extent of 

z:z electrolytes applicable for  large 𝜅𝑎(𝜅𝑎 ≥ 𝑐𝑎. 30), which is given below 
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𝜇𝐸 = 𝑠𝑔𝑛(휁)
𝜀𝑒

𝜂
(

𝑎

𝑎+2𝛬+3𝛬𝐹2
) [(

𝑘𝐵𝑇

𝑧𝑒
)

𝜅𝛬{𝑒𝜁 2⁄ −𝑒−𝜁 2⁄ +𝐹1(1−𝑒−𝜁 2⁄ )}

(1+𝐹1)
+ (

𝑎+2𝛬

𝑎
) {|휁| − (

𝑘𝐵𝑇

𝑧𝑒
) (

2𝐹1

1+𝐹1
) 𝑙𝑛 (

1+𝑒𝜁 2⁄

2
)} −

(
𝑘𝐵𝑇

𝑧𝑒
) {

6𝛬𝑚

𝑎(1+𝐹1)
} (1 − 𝑒𝜁 2⁄ )

2

𝑙𝑛 (
1+𝑒−𝜁 2⁄

2
)]                                                                               (2) 

where 휁 =
𝑧𝑒𝜁

𝑘𝐵𝑇
 , 𝑠𝑔𝑛(휁) = +1, if 휁 is positive and -1, if 휁 is negative, 𝐹1 =

2

𝜅𝑎
(1 + 3𝑚) (𝑒𝜁 2⁄ − 1) and 

𝐹2 = (
𝑚

1+𝐹1
) (1 − 𝑒𝜁 2⁄ )

2

+ 𝑚~ (1 − 𝑒−𝜁 2⁄ )
2

. We have shown the dependency of electrophoretic mobility on 

scaled surface potential for various binary electrolyte solutions (Fig. 1b). A significant deviation of mobility 

of hydrophilic colloids to that of hydrophilic colloids is observed. In addition a local maximum in mobility 

occurs depending on the critical choice of scaled surface potential.  

  
(a)                                                                 (b) 

Fig. 1. Scaled electrophoretic mobility  𝜇𝐸 𝜇0⁄ , (𝜇0 = 휀𝑒 휁 휂⁄ )  as a function of (a) bulk electrolyte 

concentration 𝑛0 with 𝛬 𝑎⁄ = 0 and 0.01 and scaled zeta potential 𝑒휁 𝑘𝐵⁄ 𝑇 = 1;  (b) scaled zeta 

potential 𝑒휁 𝑘𝐵⁄ 𝑇 at fixed 𝜅𝑎= 50 with scaled slipping length 𝛬 𝑎⁄ = 0 and 0.01. The results in (a) are 

obtained from expression (1) and (b) obtained from the expression (2).  

 

CONCLUSION: The existing theories of electrophoresis of hydrophilic colloids are revisited. Based on 

weak electric field and low charge assumption we derived the exponential form of electrophoretic mobility 

of hydrophobic rigid colloids. Besides, we have deduced a tractable analytical expression of electrophoretic 

mobility of moderate to highly charged hydrophobic colloids. The derived expressions will pave the way for 

refined calculation of electrostatic charged properties of the rigid nanoparticulates.   
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1. Introduction  

According to the American Institute of Petroleum, a completion fluid is solid free, and high density liquid 

used to complete a drilled oil/gas well (Ezzat et al., 1990). The effect of aging and rheology is an important 

parameter for the design and formulation of high density completion fluid (Singh et al., 2022). Rheological 

properties of the completion fluid are subjected to change during the exposure to reservoir formation 

pressure and temperature. The experimental rheological investigation is essential in real-time monitoring 

of the rheological changes during the aging of completion fluid while being subjected to different aging 

times (days).  

2. Materials and Methods 

We have formulated Magnesium Bromide based completion fluid in the aqueous medium. Magnesium 

Bromide (MgBr2), having a purity of 99%. is manufactured by the NICE Chemicals Private Limited, India. 

We have explored the Bingham Plastic model (BP) rheological model for non-Newtonian fluids is: 

   p y                                                                                                                                                                       (1) 

Where,   is the shear stress in lbf/100 ft2, 

 is the shear rate per second, y  is the yield point in lbf/100 ft2, 

and p  is the plastic viscosity in cP.  

3. Results and Discussions 

Our work is to investigate the rheological parameter of apparent viscosity, plastic viscosity, and yield point 

at the ambient conditions for the entire aging time period of 5 days. We have obtained a favorable apparent 

and plastic viscosity range (<10 cP). The yield point value is less than 5 lbf/100 ft2. Figure 1 shows (a) an 

image of the 1st day aged completion fluid sample, and (b) An image of the 5th day aged completion fluid 

sample. We have observed a clear fluid system during the aging process. There are no solid settlements at 

the bottom of the sample during the entire five-day aging process. A clear and solid free completion fluid is 
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highly demanding for mitigating formation damage near the wellbore. 

 

                                                                    (a)                             (b) 

Figure 1: (a) An image of the 1st day aged completion fluid sample, (b) An image of the 5th day aged 

completion fluid sample. 

4. Conclusions 

We have investigated the effect of aging and rheology of Magnesium bromide based completion fluid. We 

have formulated high density completion fluid of specific gravity of 1.617. We have observed that long-aged 

samples (5days) had showed less variation in rheological properties (<1 cP in apparent and plastic viscosity), 

density, and pH value. A stable and high density completion fluid is very helpful during the drilling and well 

completion process in offshore and complex reservoirs. Our work will help in improving the completion 

fluid design by investigating the aging, rheology, alkalinity, and density of the fluid.  
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INTRODUCTION: 

The use of fossil fuels has increased dramatically for a wide range of applications, from industry to domestic 

use. In recent years, the cost of fuels, particularly for cooking, has gradually increased due to inflation, 

pandemic and the depletion of fossil fuel sources. Blended fuels are an important alternative fuel source for 

efficient cooking because they use less conventional fuel, take less time to cook, and emit less pollution. In 

this study, an alternative clean fuel of Hydrogen is chosen for blending with Methane (H-M), because it can 

be produced from different domestic resources and emission of greenhouse gases also zero. In this present 

work, the combustion performance of commercial cooking burner (CCB) for blended fuels of 

hydrogen/methane ranging from 0 to 50% with constant mass flow rate of air and fuel is analysed by using 

Ansys CFD and solid works for modelling the geometry. The performance of blended fuels H-M clearly shows 

that as the hydrogen percentage increases, the flame temperature, velocities, and pressure increase, while CO 

and CO2 emissions decrease.  

MATERIALS AND METHODS: 

The main objective of this study is to analyse the thermal efficiency of blended fuel H-M. In the non-premix 

combustion, the numerical study is conducted with four step process to analyse the blended fuel. The first 

step involves modelling a commercial burner in solid works with dimensions of 15mm in height and inner 

and outer diameters of 30mm and 80mm, respectively [1]. The number of holes in the centre of the burner 

is 30, and the outer side has 60 holes and 30 holes in the bottom and upper rows, respectively. Meshing is 

done in the second step using an unstructured grid made up of hexahedral, prism, and tetrahedral profiles. 

Considering the high grid quality, each element of mesh is 0.007 m after grid independence test to generate 

optimal fine element in the burner. Finally, the meshing model is simulated using “k-ℇ turbulence model” 

and the results are obtained and analysed using the post processor section. 

RESULTS AND DISCUSSION: 

In this study the combustion performance and flow phenomena of CCB using H-M blend in different ratio 

mixture is examined. To verify the result of simulation, the flow patterns of combustions are compared with 

flame picture of CCB is perfectly matched. The hydrogen is mixed with methane in different fuel mass ratio 

(FMR) named as A to F, among the ratio 0.5H2 and 0.5CH4 mixture result is shown in Fig.1. The simulation 

result of combustion at midplane of CCB represented in terms of temperature, velocity, pressure are shown 

in Fig.1. The flame near the burner holes is highly stabilized due to influence of hydrogen on methane 

because it has high calorific value, highly flammable. So ignition can occur at low volumetric ratio it pro-

duces more heat during combustion so that temperature also increased. During 100% methane combustion 

in conventional burner, the maximum temperature is about 2166 K. For FMR of 0.1 to 0.5 the flame tem-

perature is steadily increased from 2204 K to 2292 K as shown in Fig.2. At 0.5H2+0.5 CH4, FMR is very 

flammable and lighter than air so the maximum pressure of 0.8639 Pa and the velocity of 1.06 m/s is attained. 
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Hence, the cooking time gets reduced compared to using of pure methane in CCB. If the hydrogen percent-

age exceeds more than 50% flash back will occur and cooking efficiency also decreased [1] 

FMR Temperature & CO mass 

fraction 

Pressure & CO2 mass 

fraction 

Velocity & NO mass 

fraction 

 

 

   

   

Figure 1. Comparison of temperature, pressure, velocity, CO, CO2 and NO contours for variation of hy-

drogen with methane in 0.5:0.5 

   

Figure 2. Effect of variation of hydrogen mixing ratio in maximum temperature, Pressure and velocity, CO, 

CO2 and NO emission 

CONCLUSION: 

The effect of H-M blend, temperature, velocity, pressure and emissions for CCB are numerically investi-

gated. It clearly indicates that the general emission levels of CCB are much higher than the blended fuels of 

H-M from 0 to 50%. In H-M blend in the ratio of 0.5:0.5 the temperature is increased to 5.8% and emission 

of CO and CO2 decreased to 45.1% and 68.46% compared to CCB based on methane alone. The overall 

result shows that hydrogen blends with fuels provide high thermal efficiency, high pressure and velocity, 

and low emissions, which lead to improved cooking performance. 

ACKNOWLEDGMENT: 

The work is financially supported by the Department of Science and Tech neology, Government of India 

under the Science for Equity Empowerment and Development Division (Grant No. 

DST/SEED/TSP/STI/2020/243). 

REFERENCES: 

1. Yan Zhao, Vincent McDonell and Scott samuelsen. 2019. Influence of hydrogen addition to pipeline 

natural gas on the combustion performance of a cooktop burner: International journal of hydrogen en-

ergy 44(2019) 12239-12253. 

2.Livio de santoli, Romano Paiolo and Gianluigi lo basso. 2017.  An overview on safety issues related to 

hydrogen and methane blend applications in domestic and industrial use. 72nd conference of the Italian 

thermal machines engineering associations, AT12017, Lecce, Italy 



                                                                                                                                                                                                           

44 

ICATP 2022, ISBN 978-81-952903-0-7 

 

 

ANALYSIS OF SCOUR FORMATION AT BRIDGE ABUTMENTS COMPARING DIFFERENT 

COUNTER MEASURES 
Mulupuri Gnana Deepthi Keziya, Md. Anwar, M. Sai Kiran and Balakrishna Murthy V. 

Department Of Mechanical Engineering, Velagapudi Ramakrishna Siddhartha Engineering College, 

Vijayawada, Andhra Pradesh. 

Email: keziyaprakash@gmail.com 

1. INTRODUCTION: 

Scour is a rubbing action of water flowing on the bed against the banks. Collars when added to the abutments, 

acts as the barrier that obstruct the flow of the fluid in upward direction and reduce negative pressure. 

Sacrificial piers are the column-like construction which are made to stand against the flow around the 

constructions like piers and abutments that support the bridges. The main purpose of the sacrificial piers is 

to reduce the pressure exerted by the fluid flow on these constructions. The fluid domain of dimension 6m-

2m-3m with abutment of 0.25m width is considered to understand negative pressure. Countermeasures 

including a collar of 0.28m width and sacrificial piers of 0.05m diameter are used around the abutment to 

prevent the scouring effect. These countermeasures incorporated around the abutment in the fluid domain to 

obtain negative pressure in open channel boundary condition to make it more real eliminating the 

assumptions. The effectiveness of reduction of negative pressure with use of these countermeasures is 

observed by pressure analysis from the simulation which helps to identify a better countermeasure.  

2. METHODOLOGY: 

A Fluid domain of 6m-2m-3m dimension is created in geometry along with countermeasures like a collar 

and sacrificial piers separately. The flow is subjected around the abutment using simulation analysis after 

meshing the domain. The side surface considered as side symmetry, the side along the abutment and bottom 

wall is considered as a wall. To be more specific and real, the top surface is assumed to be the free surface 

with open channel multi-phase boundary conditions to resemble the original water domain where the fluid 

can enter the top surface as well as the outlet. The pressure analysis is performed using simulation with a 

collar of 0.28m width and sacrificial piers of 0.05m diameter around the abutment. From the simulation 

results, Collar is identified as a better countermeasure to prevent the scour effect compared to sacrificial 

piers when simulated in real conditions.  

3. RESULTS: 

In the following tables, the fluid domain of dimension 6m-2m-3m is considered.  

 

 

 

 

 

 

 

 

 

 

 

 

Velocity(m/s) 

Fluid domain with abutment 

0.25m width 

Fluid domain with Collar 

0.28m width 

Maximum 

pressure 

kPa 

Negative pres-

sure   kPa 

Maximum 

pressure 

kPa 

Negative pres-

sure   kPa 

1 14.983 -15.033 25.196 -9.729 

2 21.632 -21.240 44.956 -18.596 
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Table 1. Determining negative pressure for fluid domain with abutment: bare and with collar 

 

 

 

 

 

 

 

 

 

            

 

Table 2. Determining negative pressure for fluid domain with sacrificial piers 

 

 

 
 

Fig 1. Fluid domain with collars for top free surface 

 

 
 

 

Fig 2. Fluid domain with sacrificial piers for top free surface piers 

 

 

 

 

 

3 30.070 -29.396 51.924 -26.509 

Veloc-

ity(m/s) 

Maximum pres-

sure kPa 

Negative pressure 

kPa 

1 30.58 -11.826 

2 36.05 -20.228 

3 43.909 -28.015 

Veloc-

ity(m/s) 
Abutment With collar 

With Sacrifi-

cial piers 

1 -15.033 kPa -9.729 kPa -11.826 kPa 

2 -21.240 kPa -18.596 kPa -20.228 kPa 

3 -29.396 kPa -26.509 kPa -28.015 kPa 
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Table 3. Comparing negative pressures for fluid domain with abutment, with collar and sacrificial 

4. CONCLUSIONS  

 Placing a collar around the abutment decreases the scour effect at the bottom of the abutment by 

reducing the negative pressure rather than leaving the abutment bare. 

 Using sacrificial piers around the abutment is another effective method to decrease the scouring ef-

fect and negative pressure. 

 The effect of collar around abutment on the reduction of the negative pressure is more than the effect 

of sacrificial piers around the abutment. In simple terms, the scour formation is less when collars are 

added to abutments than abutments with sacrificial piers.    
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INTRODUCTION 

 Robotics and automation with artificial intelligence are becoming prevalent in our daily lives, and their 

possible existence will lead to the development of novel technologies. Therefore, if computers or robots are 

able to identify more specific human expressions throughout the interaction, observations of human-com-

puter interaction (HCI) become more realistic. Modern facial expression detection technologies often con-

centrate on seven fundamental emotions: joy, surprise, fear, sadness, anger, disgust, and contempt. Further-

more, due to recent developments in the study of complex emotions, some efforts are being made to identify 

more precise and comprehensive facial emotion displays. 

BASIC AND COMPOUND EMOTION RECOGNITION 

  This work organised a competition to identify complex emotions, which calls for proficient visual 

analysis as well as dealing with the identification of microemotions. The collection includes 31,250 faces 

from 115 participants, representing a range of emotions with roughly equal gender distribution. The 

competition took place at FG2020. Compared to the seven classical facial emotions, a compound facial 

emotion combines dominant and complimentary feelings such as "happily surprised" and "sadly 

surprised" (e.g., sadly, happy, disgust, and so on). To ensure improved extraction of picture features from 

the detected data set, the suggested method engages in dynamic confrontation training between the generator 

and discriminator elements of generative adversarial networks (GANs). Based on the concept of residual 

networks, the CFEP GAN generator is improved. To guarantee the good precision of the recognition and 

classification and enhance real-time performance, the image will be first decreased in size and afterwards 

processed. The CFEP GAN discriminator is trained while simultaneously receiving input from both the 

generated and real images.This paper cites the VGG-16 network as the backbone network structure for the 

discriminator network in the GAN [1]. 

RESULTS AND DISCUSSION 

Face images are scaled to 224 x 224 x 3 and aligned using a linearization. Following feature extrac-

tion, the VGG-16 CNN is used. Cross-entropy loss is then utilised for optimization. When the estimated 

labels are exclusive, the cross-entropy loss performs as expected. The Emotion Net Challenges dataset’s 

labels, however, are connected (e.g., "happily surprised" and "sadly surprised," "happily-angry" and "sur-

prisingly-angry"). Participants chose the middle loss function as a supplementary loss as a solution to this 

issue in order to lessen the impact of comparable labelling. The centre loss can simultaneously learn the 
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deep feature class centres for each class and persecute the gaps between both the feature representation class 

centres. This loss improves the model's ability to discriminate between identical and sample, which therefore 

boosts overall effectiveness.This experiment was able to find 105,200 photos with emotion classifications 

using the Emotion Net Challenges dataset. Table 1 displays the distribution of each emotion category. As is 

visible, there is a severe imbalance in the distribution of emotion categories. The happy category has been 

allocated to the majority of the photographs, whereas the input image in the other categories is extremely 

low and occasionally close to zero. 

Table 1. Emotion vs. Images 

Happy Angrily Sur-

prised 

Angry Neural Sad 

104521 389 400 250 578 

    The classification problem of the 50 classes given in Table 2 is used to treat the emotion recognition 

for the three top-ranked algorithms mentioned thus far. 

Table 2. Misclassification of three Datasets 

Dataset Misclassification(test 

set) 

Misclassifica-

tion(Training set) 

 Emotion Net Chal-

lenges 

0.896 0.845 

RAF-DB 0.745 0.720 

iCV-MEFFD 0.875 0.862 

CONCLUSION 

            The Emotion Net Challenges dataset shows that it is exceedingly difficult to recognise compound 

emotions, allowing considerable scope for improvement. Analysis and comparison of CFEP GAN ap-

proaches from the FG 2020 workshop have indeed been done. As may be predicted, some compounded 

emotions are more challenging to identify. For model verification in the experimental section of the paper, 

the Emotion Net Challenges dataset is used, and the performance is evaluated with RAF-DB and the iCV-

MEFFD dataset. The RAF-DB dataset offers the best outcome. 
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INTRODUCTION 

Plate structure have been very popular structural member since decades. The analysis of such 

structures are very important to investigate due to the involvement of various kind of static and dynamic 

loads. The response of plate structure vary with the variation of load. In the present study, the plate with 

a hole at the centre having different hole dimensions has been analyse subjected to static and hydrostatic 

loads. A number of literature are available on the analysis of plate structures and some of the important 

are presented in the next paragraph to show the importance of this study.  

Jain and Mittal (2008) investigated isotropic, orthotropic and laminated composite plates with hole 

at the centre subjected to transverse static load using finite element method.  Kishore et al. (2017) 

investigated the frequencies of rectangular plate with central hole having different boundary conditions. 

Kim and Park (2020) presented a theory to carry out free vibration analysis of a composite laminated 

rectangular plate with holes using Ritz method. Zhou et al. (2021) studied the stress modal analysis of 

L-shaped thin plates with holes. Zang et al. (2022) investigated functionally graded plates for static and 

free vibration analyses using isogeometric method. Based on the studies carried out so far, the aim of 

the present study is to investigate clamped and simply supported plates with square and circular holes 

subjected to uniformly distributed load (UDL) of 1 kPa and hydrostatic load (HSL). 

 

METHODOLOGY 

ANSYS Workbench, a finite element software, has been used for carrying out the analysis. The plates 

are modelled based on the minimum thickness criteria specified in IS: 800 (1984), i.e., 6 mm.  A square plate 

with a square and circular holes with 1000 mm width and variable thicknesses (6 mm, 7 mm, 8 mm, 9 mm, 

and 10 mm) for clamped and simply supported boundry conditions is considered in the analysis. The 

geometry of the plates are shown in Fig. 1. The value of bs and bc is considered as 500 mm. 

 

 

B: width of plate, 

T: thickness of plate, 

bs: width of square hole, and 

bc: width of circular hole 
 

(a) Plate with square hole (b) Plate with square hole 

 

Figure 1. Geometry of plates 
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RESULTS AND DISCUSSION 

The results of maximum deflection and stress are evaluated on the plates with hole having different 

thicknesses for clamped and simply supported on all edges boundry conditions. The results of deflection and 

stress for clamped and simply supported edges are demonstrated in figures 2 and 3, respectively. The is 

dominance of HSL on deflection and stress can be observed easily from the figures, which is almost 4 times 

compared to UDL. Also, the values are more for plate with square hole. 
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Figure 2. Clamped on all edges 
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Figure 3. Simply supported on all edges 

CONCLUSION 

The following conclusions can be drawn from the present study: 

1. The values of stress and deflection are more for simply supported plates compared to clamped 

plates. 

2. The values are decreasing with the increment of the thickness of plate, and this is more 

significant when plates are subjected to HSL. 

3. The difference in results are more when plates subjected to HSL. So, the investigation due to 

the influence of fluid is very important. 
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Abstract 

A set of vertices 𝑆 ⊆ 𝑉(𝐺) is a majority vertex cover if atleast half of the edges of G is incident with atleast 

one of the vertices in𝑆. The majority vertex covering number 𝛼𝑀(𝐺) of 𝐺is the minimum cardinality of 

majority vertex cover set𝑆 of𝐺. A majority vertex cover 𝑆  of 𝐺  is an accurate majority vertex cover if 𝑉  − 

𝑆  has no majority vertex cover of cardinality |𝑆 |. The accurate majority vertex covering number 𝛼𝑎𝑀(𝐺) is 

the minimum cardinality of an accurate majority vertex cover set of 𝐺 . In this paper accurate majority vertex 

covering number obtained for complete, path, cycle, wheel, friendship graph, and bipartite graph. Also, 

𝛼𝑎𝑀(𝐺) investigated for product of two graphs. 

Keywords: Vertex covering number, Majority vertex covering number and accurate majority vertex cover 

number. 

 

INTRODUCTION 

In this article we use simple, undirected and non-trivial graphs. A set of vertices 𝑆 which covers at least half 

of the edges is a majority vertex cover of 𝐺. The majority vertex covering number 𝛼𝑀(𝐺) of G is the 

minimum number of vertices in a majority vertex cover. A majority vertex cover 𝑆  of 𝐺  is an accurate 

majority vertex cover if 𝑉  − 𝑆  has no majority vertex cover of cardinality |𝑆 |. The accurate majority vertex 

covering number 𝛼𝑎𝑀(𝐺) is the minimum cardinality of an accurate majority vertex cover set of 𝐺  

 

ACCURATE MAJORITY VERTEX COVERING NUMBER (𝛼𝑀(𝐺) 

Theorem 2.1: For any graph 𝐺 is a path with 𝑛 vertices the accurate majority vertex covering number 

𝛼𝑎𝑀(𝐺)is ⌈
𝑛+1

2
⌉. 

Proof: 

Let 𝐺 be the path with 𝑛 ≥ 3vertices and 𝑉(𝐺) = {𝑣1, 𝑣2, 𝑣3, … , 𝑣𝑛}, |𝑉(𝐺)| = 𝑛 and|𝐸(𝐺)| = 𝑛 − 1. The 

maximum and minimum degree of 𝐺 is 𝛥(𝐺) = 2 ∧ 𝛿(𝐺) = 1 respectively. Let 𝑆 =
{𝑣1, 𝑣2, 𝑣3, 𝑣4, … 𝑣

⌈
𝑛+1

2
⌉
}is a accurate majority vertex covering set and {𝑣1, 𝑣2, 𝑣3, 𝑣4, … 𝑣

⌈
𝑛+1

2
⌉
} ⟹ |𝑆| =

⌈
𝑛+1

2
⌉ , here ⌈

𝐸(𝐺)

2
⌉ = ⌈

𝑛−1

2
⌉ which is less then ⌈

𝑛+1

2
⌉ . Therefore, 𝑆 covers greater than ⌈

𝑛

2
⌉ edges. |𝑉 − 𝑆| =

𝑛 − ⌈
𝑛+1

2
⌉ = ⌊

𝑛−1

2
⌋. |𝑉 − 𝑆| < 𝑆 ∨ Hence 𝛼𝑎𝑀(𝐺)is ⌈

𝑛

2
⌉ + 1. 
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Theorem 2.2: If the graph 𝐺 is complete graph 𝐾𝑚, 𝑚 ≥ 3 then𝛼𝑎𝑀(𝐺) = ⌊
𝑝

2
⌋ + 1. 

Theorem 2.3: If a graph 𝐺 = 𝐾𝑚,𝑛, 𝑚 ≤ 𝑛 is complete bipartite graph then 

 𝛼𝑎𝑀(𝐺) = {
𝑛, 𝑖𝑓𝑚 < 𝑛

𝑛 + 1, 𝑖𝑓𝑚 = 𝑛
 

Theorem 2.4:  If any graph 𝐺 = 𝐶𝑛, 𝑛 ≥ 4 is cycle graph then  𝛼𝑎𝑀(𝐺) = ⌈
𝑛−1

2
⌉ + 1 

Conclusion : 

In this article the accurate majority vertex covering number are determined for some classes of graphs such 

as path, cycle, complete, complete bipartite graph. Further finding the results for other standard graphs and 

product of two graphs. Also finding bounds for accurate majority vertex covering number of a graph. 

 

REFERENCES 

Basavanagoud B., Timmanaikar S (2018), “Further Results on Accurate Domination in Graphs”, 

International Journal of Scientific Research in Mathematical and Statistical Sciences, Vol.5, Issue-6, 

December. 

Cyman J., Henning M.A. and Topp J (2019), “On Accurate Domination in Graphs”, Discussiones 

Mathematicae Graph Theory 39. 

Harary F. ,(1969)., “Graph Theory”, Addison-Wesley, Reading, Mass. 

Haynes T.W., Hedetniemi S.T., and Slater P.J.(1998), “Fundamentals of Domination in Graphs”, Marcel 

Dekker, New York, 

Joseline Manora J. and Swaminathan V (2006), “Majority Dominating sets”, J A R J; Vol.3, No.2, pp.75-82,. 

Kulli V.R. (2010)., “Theory of Domination in graphs”, Vishwa International Publications, Gulbagara, India. 

Kulli V.R. and Kattimani M.B. (2012), “Accurate Domination in Graphs”, In V.R.Kulli, ed., Advances in 

Domination Theory-I, Vishwa International Publications, Gulbagara, India. 

Kulli V.R and Kattimani M.B (2013), “Global Accurate Domination in Graphs”, Int. J.Sci. Res. Pub. 3, 1-3 

Nordhaus E.A.  and. Gaddum J.W, (1956) “On Complementary Graphs”, Amer. Math. Monthly 63, 175-

177. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                                                                                                                                                                           

54 

ICATP 2022, ISBN 978-81-952903-0-7 

 

 

ACCURATE MAJORITY DOMINATION IN GRAPHS 
T. Dhivya, A1, I. Paulraj Jayasimman,B2, and J. Joseline Manora, C3 

                                                     1Assistant Professor, Department of Mathematics 

AMET Deemed to be University, Kanathur, Chennai, India 

                                    2Associate Professor, Department of Mathematics 

AMET Deemed to be University, Kanathur, Chennai, India 
          3PG & Research Department of Mathematics, T.B.M.L College, Porayar, India 

E-mail (dhivyasmile94@gmail.com) 

 

ABSTRACT 

A Majority dominating set 𝐷𝑀 of a graph 𝐺 = (𝑉, 𝐸) is an majority accurate dominating set(MAD), if 

𝑉 − 𝐷𝑀 has no majority dominating set of cardinality |𝐷𝑀|. The accurate majority domination number 

𝛾𝑎𝑚(𝐺) is the minimum cardinality of an accurate majority dominating set. In this paper introduced new 

parameter accurate majority domination number and also determined the accurate majority domination 

number for cycle and complete bipartite graphs. 

 

KEYWORDS: Domination number, Majority domination number, Accurate domination number 

 

INTRODUCTION  

Definition 2 [1] 

A set  𝑆 ⊆  𝑉(𝐺)  is called a majority dominating set if atleast half of the vertices either in S or adjacent to 

the vertices S. The minimum cardinality of a majority dominating set is called majority domination number 

𝛾𝑀(𝐺).       
Definition 3 [3] 

A dominating set 𝐷 of a graph 𝐺 = (𝑉, 𝐸) is an accurate dominating set, if 𝑉 − 𝐷 has no dominating set of 

cardinality |𝐷|. The accurate majority domination number 𝛾∝(𝐺) is the minimum cardinality of an accurate 

dominating set. 

METHOD 

A Majority dominating set 𝐷𝑀 of a graph 𝐺 = (𝑉, 𝐸) is an majority accurate dominating set, if 𝑉 − 𝐷𝑀 has 

no majority dominating set of cardinality |𝐷𝑀|. The accurate majority domination number 𝛾𝑎𝑚(𝐺) is the 

minimum cardinality of an accurate majority dominating set 

 

RESULTS  

Theorem 1 

 For the graph = 𝐶𝑝 , 𝛾𝑎𝑚(𝐺) = ⌈
𝑝

2
⌉ − 3. 

Proof  

Let  𝐷𝑀 = {𝑣1, 𝑣2, … , 𝑣
⌈
𝑝

2
⌉−3

} be the majority accurate dominating set. The set 𝐷𝑀 covers ≥ ⌈
𝑝

2
⌉ vertices. 

Therefore 𝛾𝑎𝑚(𝐺) = ⌈
𝑝

2
⌉ − 3. 

CHAPTER -14 

mailto:dhivyasmile94@gmail.com


                                                                                                                                                                                                           

55 

ICATP 2022, ISBN 978-81-952903-0-7 

 

Theorem 2 

If the graph 𝐺 = 𝐾𝑚,𝑛 , 𝑚 < 𝑛 then  

𝛾𝑎𝑚(𝐺) = {
⌈
𝑛

2
⌉ + 3 ⌈

𝑚

2
⌉             𝑖𝑓  𝑛   𝑖𝑠 𝑜𝑑𝑑

⌈
𝑛

2
⌉ + (3 ⌈

𝑚

2
⌉ + 1)    𝑖𝑓   𝑛   𝑖𝑠   𝑒𝑣𝑒𝑛 

 

Proof 

 Let  𝐺 = 𝐾𝑚,𝑛 be the vertex set   𝑉(𝐺) ⊆ (𝑉1(𝐺) , 𝑉2(𝐺)). 

 𝑉1(𝐺) = {𝑎1, 𝑎2, 𝑎3, … , 𝑎𝑚} & 𝑉2(𝐺) = {𝑏1, 𝑏2, 𝑏3, … , 𝑏𝑛}. 
Case (i) 𝒏   𝒊𝒔 𝒐𝒅𝒅 

 Let 𝐷𝑀 = {𝑎1, 𝑎2, 𝑎3, … , 𝑎
3⌈

𝑚

2
⌉
, 𝑏1, 𝑏2, 𝑏3, … , 𝑏

⌈
𝑛

2
⌉
} be the accurate majority dominating set. The set 𝐷𝑀 

covers ≥ ⌈
𝑝

2
⌉ vertices. Therefore 𝛾𝑎𝑚(𝐺) = ⌈

𝑛

2
⌉ + 3 ⌈

𝑚

2
⌉. 

Case (ii) 𝒏   𝒊𝒔 𝒆𝒗𝒆𝒏 

Let 𝐷𝑀 = {𝑎1, 𝑎2, 𝑎3, … , 𝑎
3⌈

𝑚

2
⌉+1

, 𝑏1, 𝑏2, 𝑏3, … , 𝑏
⌈
𝑛

2
⌉
} be the accurate majority dominating set. The set 𝐷𝑀 

covers ≥ ⌈
𝑝

2
⌉ vertices. Therefore 𝛾𝑎𝑚(𝐺) = ⌈

𝑛

2
⌉ + (3 ⌈

𝑚

2
⌉ + 1). 

 

CONCLUSION  

The researcher has introduced the new parameter accurate majority domination of a graph and also accurate 

majority domination number determined for cycle and complete bipartite graph. 
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INTRODUCTION  

Dusty plasmas (DPs) are one of the fundamental ingredients of the universe. It is a mixture of plasma 

particles and dust charges. DP consists of plasma and both dust. Due to the inclusion of dust particles in 

plasma, the plasma becomes more complex in its behaviors. So, such plasmas are also termed as “complex 

plasmas.” DP plays a very significant role in space and astrophysical environments and during the 

modifications of plasma processing. Nishida (1984), Rao (1990), and Lakshmi (1994), have observed that 

the modifications in plasma processing occur due to the existence of dust particles in the plasma system. 

Dorranian (2012) has also observed that solitary waves are formed due to the balance in nonlinearity and 

dispersion effects in the plasma system. Malik (2013), Merlino (2014), and Emamuddin et al. (2014) have 

studied DASW in various physical situations. Some authors have studied DASW in the presence of 

isothermal electrons and ions with Boltzmannean distribution and negatively charged dust grains. Malik et 

al. (1998) studied DASWs and the effect of the magnetic field in inhomogeneous plasma associated with 

negative potential and in the presence of ions, electrons, and charged dust particles. Recently, Pakzad et al. 

(2022) have investigated the properties of DASW associated with negatively charged dust, ions, and 

superthermal electrons for inhomogeneous unmagnetized plasmas. In this paper, we have studied the effect 

of dust grains in DASWs propagating in weakly inhomogeneous MDP. 

 

GOVERNING EQUATIONS, DERIVATION OF m-ZK EQUATION 

In this problem, we have considered a MDP constituting of ions, electrons, and dust grains with charge 

fluctuations. We have considered the following set of nonlinear governing equations to represent our plasma 

model is as follows:  
 

𝜕𝑛𝑑

𝜕𝑡
+ ∇⃗⃗ . (𝑛𝑑𝑣 𝑑) = 0                                                                                (1) 

               
𝜕�⃗� 𝑑

𝜕𝑡
+ (𝑣 𝑑. ∇⃗⃗ )𝑣 𝑑 = 𝛾∇⃗⃗ 𝜙 − δ( 𝑣 𝑑 × 𝐵0𝑥 ) = 0                                         (2) 

∇2𝜙 − 𝑛𝑒 − 𝑞𝑛𝑑 + 𝑛𝑖 = 0                                                                      (3) 

  𝑛𝑒 = 𝑛𝑒0𝑒
𝛼𝑘𝜙                                                                                         (4) 

𝑛𝑖 = 𝑛𝑖0𝑒
−α𝜙                                                                                          (5) 

To study the effect of dust charges on DASWs propagating in inhomogeneous plasmas, we have con-

sidered the following appropriate stretched coordinates to employ the Reductive Perturbation Theory (RPT) 

as follows:   

𝜉 = 𝜖
1

2(𝑥 − 𝑀𝑡), 휂 = 𝜖
1

2𝑦, 𝜆 = 𝜖
1

2𝑧, 𝜏 = 𝜖
3

2𝑥                                      (6) 

Using the RPT and the appropriate stretched coordinate’s eq.(6), we have obtained the modified Zakharov 

Kuznetsov (m-ZK) equation as follows:   

    
𝜕𝜙1

𝜕𝜏
+ 𝑃𝜙1

𝜕𝜙1

𝜕𝜉
+ 𝑄

𝜕3𝜙1

𝜕𝜉3 + 𝑅
𝜕𝑆𝜙1

𝜕𝜉
= 0                                                    (7) 
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The above eq. (7) is the m-ZK equation. The solution of the m-ZK equation indicates the solutions for the 

DAWs in weakly inhomogeneous MDPs. The solitary wave solution indicates the effects of the various 

parameters on the DAWs.  
⇒ 𝜙1 = 𝐴𝑚 𝑠𝑒𝑐ℎ2𝛽𝐴                                                                              (8) 

Where the terms 𝐴, 𝐵, 𝑃, 𝑄, 𝑅, 𝑆, 𝑇, 𝑋, 𝛽, 𝐴𝑚,𝑊 have their usual meaning. The term 𝐴𝑚 ,𝑊 represents amplitude 

and width of the DASW represented by eq. (8) .   

RESULTS AND DISCUSSION                                                      

                     
Figure 1.  𝐴𝑚 vs 𝑎(min) plot for 𝐿 = 1,2,3                            Figure 2.  𝑊 vs 𝑎(min) plot for 𝐿 = 1,2,3 

             The amplitude 𝐴𝑚 and width 𝑊 of DASW varies with the various choices of the parameters 𝐿, 𝑘, 𝑟 

and 𝑎(min). We have obtained the numerical results to describe the dependency of both 𝐴𝑚 and 𝑊 on the above 

parameters. Here, we have presented only two figures to illustrate the amplitude and width of DASW. More 

figures can be drawn to describe the effects of dust on the amplitude and width of the solitary waves. Here 

both the figures indicate how 𝐴𝑚 and 𝑊 of DASW increase/decrease with the increase of various choices of 

L. But for a specific value of L, the amplitude/width of the DASW decreases/ increases with increase in dust 

size  𝑎(min).     

CONCLUSION  

             In this manuscript, we have studied the effect of dust grains in DASWs propagating in weakly 

inhomogeneous MDPs. We have considered a system of MDP in the presence of ions, electrons, and dust 

charges with charge fluctuations. Here, the RPT is applied to obtain the m-ZK equation. The solution of the 

m-ZK equation describes the effects of dust charges on the various choice parameters for the DASWs in 

weakly inhomogeneous magnetized plasmas. It is clear from both Fig. 1 and Fig. 2 that the positive values 

of  𝑎(min) the DASW will produce rarefactive solitons. Here, both 𝐴𝑚 and 𝑊 depend on the angle of wave 

propagations, magnitude, and direction of the external magnetic fields (MFs). Thus, we can conclude that 

MF and dust grains significantly impact describing the characteristics of DASWs.      
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INTRODUCTION 
              This paper presented the analytical study of a two-dimensional constant unidirectional 

incompressible flow of a nanofluid across a vertical flat plate that has been convectively heated for different 

slip conditions. Before being solved numerically, the governing equations are non-dimensionalized and 

transformed into a two-point boundary value problem with linked nonlinear ODE in similarity variables. 

Numerical Runge-Kutta-Fehlberg 4th–5th order algorithms have been used to solve the resulting equations 

with the corresponding boundary conditions. So according to our analysis, if the convective heat transfer 

coefficient is directly proportional to x-1/4, where x is the axial distance from the plate's leading edge, the 

problem can be solved. In the figures, the effects of parameters like momentum slip and convective heat 

transfer have been shown and discussed. The study has a solid argument due to comparisons between the 

current numerical solution and the achieved results. The data for various values of the convective heat 

transfer parameters are presented in tabular form for the skin friction factor, reduced Nusselt number, and 

reduced Sherwood number. 

METHODOLOGY 
               We analyse the flow of a nanofluid in a two-dimensional laminar boundary layer over a solid, 

vertical flat plate that has undergone convective heating. By convection from a hot fluid at a temperature 

𝑇𝑓(�̅�) that provides a heat transfer coefficient ℎ𝑓(�̅�), the left surface of the plate is heated. The temperature 

of the right surface of the plate is 𝑇𝑤 . The nanoparticle fraction at the wall is 𝐶∞. The field variables are the 

velocity vector �̅�, the temperature T and, the nanoparticle volume fraction is C. It is assumed that 𝑇𝑓 > 𝑇𝑤 >

𝑇∞ and all the physical properties are constant except the density in the body force term in the momentum 

equation. The four field equations are stated in terms of dimensional forms and the Oberbeck-Boussinesq 

approximation is used. [Kuznetsova & Nield (2010)] 

�̅�. �̅� = 0 − − − − − − − − − − − − − − − − − − − − − − − − − − − − − − − − − − − − − −  (1) 

𝜌𝑛𝑓 (
𝜕�̅�

𝜕𝑡̅
+ �̅��̅��̅�)

= −�̅�𝑝 + 𝜇𝑛𝑓�̅�
2�̅� + [𝐶𝜌𝑝 + (1 − 𝐶){𝜌𝑛𝑓(1 − 𝛽(𝑇 − 𝑇∞))}]𝑔 − − − − − − − − −  (2) 

(𝜌𝐶𝑝)𝑛𝑓
(
𝜕𝑇

𝜕𝑡̅
+ �̅��̅�𝑇)

= 𝑘𝑛𝑓𝛻
2𝑇 + (𝜌𝐶𝑝)𝑝

[𝐷𝐵𝛻𝐶. 𝛻𝑇 + (
𝐷𝑇

𝑇∞
)𝛻𝑇. 𝛻𝑇] − − − − − − − − − − − − − − − (3) 

𝜕𝐶

𝜕𝑡̅
+ �̅��̅�𝐶 = 𝐷𝐵�̅�2𝐶 +

𝐷𝑇

𝑇∞
�̅�2𝑇 − − − − − − − − − − − − − − − − − − − − − − − − − − − −(4) 

We can linearize the momentum equation and write equ (2) as long as the nanoparticle concentration is 

adequately diluted and the reference pressure is selected appropriately. [Kandasamy et.al. (2011)] Then 

neglect the small order terms. On introducing dimensionless variables with suitable similarity 

transformations of governing equation to a coupled non-linear ODEs with boundary conditions. 
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RESULTS AND DISCUSSION 
Figure 1 shows the impact of linear momentum slip on the dimensionally-invariant horizontal velocity 

profiles. Slip, it has been observed, causes the velocity to rise close to the plate and decrease away from it. 

Once again, as slip parameter increases, there is less penetration through the fluid domain, which reduces 

the hydrodynamic boundary layer. 

 

CONCLUSION 
            With an increase in the momentum slip parameter, the temperature, the dimensionless axial velocity, 

and the volume fraction of nanoparticles all decrease. Convective heat transfer parameter raises the skin 

friction factor, reduced Nusselt and Sherwood number, and skin friction decreases with slip parameter and 

reduced Sherwood number decreases with thermophoresis parameter. On the graphs, it is easy to see how 

numerous dimensionless values vary in relation to the momentum slip parameter and convective heat transfer 

parameter. 
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              ABSTRACT 

In the present research paper, the mixed convection flow of a hybrid nanofluid within a non-Darcy porous 

medium is numerically investigated. The governing partial differential equations derived from the flow 

situation are transformed into an ordinary differential equation using some suitable similarity variable. Then 

the non-dimensional ordinary differential equations are solved by using MATLAB inbuilt software package 

BVP4C. The effect of various flow controlling parameters like the non-Darcy porous parameter and mixed 

convection parameter on the flow field is displayed graphically. The quantity of physical interest like the 

Nusselt number and the skin friction coefficients are represented in tabular form. The investigation revealed 

that the velocity of hybrid nanofluid increase with the rise of non-Darcy porous parameters, But the 

temperature profile decreases with the increase of non-Darcy porous parameters, and increases with the rise 

of mixed convection parameter. 
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Abstract 

This study is concerned with starting flow of immiscible fluids in porous space owing to a rapid pressure 

differential in the presence of a transverse magnetic field.  The flow is divided into two regions, 

region1(upper layer) and region2(lower layer) and they are of variable widths.  The required eigenvalues 

and eigenfunctions, along with the orthogonality, are developed.  The analytic solution took on an infinite 

series structure due to the time-dependent initial transient component of the velocity.     Analytical 

expressions for fluid velocity, volumetric flow rate, and shear stress are evaluated for pertinent parameters.   

We take cases when channels are filled with air over water and oil over water for analyzing the results.  

Channel with air over water illustrates that the upper layer is filled with air and the lower layer is filled with 

water.  Similarly, a channel with oil over water illustrates that the upper layer is filled with oil and the lower 

layer is filled with water.  The effect of hartmann number and time on velocity profiles has been seen in this 

study for variable fluid widths in both cases.  It is observed that the starting flow velocity slows down with 

the increase of the hartmann number and porosity parameter.  The effect of hartmann number and porosity 

parameter on volumetric flow rate, for oil over water case, are shown graphically.  Shear stress on the lower 

and upper walls of the channel has been presented in the tabular form. 
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INTRODUCTION  

The problem of convection in the presence of combustion has been studied for different media and 

boundary conditions and is a well documented problem in the literature (Frank-Kamenetskii  (1938), 

Gatica et al. (1987), Malashetty et al. (1994), Belk and Volpert (2004)). Many studies assumed that the 

reacting fluid and the porous matrix are in thermal equilibrium. Continuous reaction processes create a 

significant temperature gradient between the porous matrix and the fluid in it  and the local thermal 

equilibrium cannot be a valid assumption. In view of this, in this paper, we focus on chemical reaction-

driven convection in a porous medium with LTNE undergoing combustion in a way that the energy 

equation subscribes to the Frank-Kamenetskii formulation. 

 

MATERIALS AND METHODS  

The dimensionless form of the governing equations and boundary conditions considered are: 

 0, q   (1) 

 
  0 ˆ,

Kd c
f FK

P g Ra kD
k

f f

 


 
   

 
 
 
 

q   (2) 

      2
exp ,H FK

t


    


      


q   (3) 

  2
.H

t


  


    


  (4) 

 0 0,1.at z    q   (5) 

Methodology: The boundary condition in so far as z  is considered is the periodic one pertaining to 

longitudinal rolls. Normal mode analysis is used obtain the critical Frank-Kamenetskii-Darcy-Rayleigh 

number  FK

DcRa . The following BEVP is obtained from the analysis: 

  2 2 2
4 0,

FK
D a W a RaD      (6) 

      2 2
4 exp 0,

FK
Ra D W D a H FKD b b

            (7) 

    2 2
4 0.D a H        (8) 

 0 1,1.W at z         (9) 
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RESULTS AND DISCUSSION  

We commence our discussion with plots of the basic state temperature profiles of the solid and fluid 

phases, b  and b , versus z  for different values of FK  (Frank-Kamenetskii number) and fixed values of 

other parameters. From the figure 1, it is clear that even for small values of FK  the two temperature profiles, 

b  and b , cannot be the same. The presence of a chemical reacting fluid in the porous medium creates a 

local thermal non-equilibrium within the system, and one cannot reach LTE limits, and with an increase in 

value of FK .    

Variation of 
FK

DcRa   with H   for 0.1,1FK    and for different values of porosity-modified 

conductivity ratio    is presented in figure 2. An increase in the value of FK  leads to advanced-onset of 

convection. 

 

Figure 2 Basic temperature profiles of b  and b  for different values of FK . 

Figure 2 also shows that as the inter-phase heat transfer parameter  H approaches large values, leads to 

delayed convection. In the case of increasing values of , we see accelerated convection (see figure 3). 

From Figures 2 and 3, one further observe that the curves for 
FK

DcRa  with H  and    are plotted up to a 

specific value of H and  . This is because the system shows extreme behavior in terms of 
FK

DcRa , beyond a 

particular value of H and   and nothing much can be said about the system stability. 

 
 

Figure 2: Variation in 
FK

DcRa  with 10log H  and  . 

 

 
 

Figure 3: Variation in 
FK

DcRa  with 10log   and H . 

CONCLUSION  

Based on the obtained results, we conclude that a chemically reacting fluid leads to an LTNE situation in the 

basic state, and one cannot approach the LTE from it. The increase in the value of the Frank-Kamenetskii 
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number and porosity-modified conductivity ratio leads to advanced-convection while an increase in the 

value of the inter-phase heat transfer parameter delayed convection. 
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INTRODUCTION  

The onset of Maxwell-Cattaneo double diffusive convection in an infinite horizontal anisotropic 

porous layer under rotation effect is examined in limiting cases. Evaluation of temperature and salinity is 

regulated by  parabolic  advection  diffusion  equation, which  assumes classical fickian diffusion for both 

heat and salt. The stability criteria for rotation effect on Maxwell-Cattaneo double diffusive convection is 

studied using linear stability analysis. Critical Rayleigh number is calculated for for both stationary and 

oscillatory convection. For oscillatory convection two cases has been discussed. (1) Maxwell-Cattaneo 

coefficient for salinity (CS)=0. (2) Maxwell-Cattaneo coefficient for temperature (CT)=0. In both the 

cases, CS=0 without rotation and CT=0 without rotation , the impact of CT, CS, mechanical anisotropic 

parameter (𝜉) and solutal Rayleigh number (RaS) are also presented in detail in the manuscript. The 

effect of CT (when CS=0) and CS(when CT=0) is presented graphically on (a, RaT) plane where a is 

horizontal wave number. We have focused on the scenario where CT and CS is less than equals to 1. 

  

MATERIALS AND METHODS  

We consider double-diffusive convection in a horizontal porous layer of an incompressible Maxwell-

Cattaneo fluid with the influence of rotation effect confined between two parallel horizontal plane. The 

origin is picked in the lower boundary of a Cartesian frame of reference. To account for the influence of 

density fluctuation, the oberbeck-boussinesq approximation is used. The stability criteria for rotation effect 

on Maxwell-Cattaneo double diffusive convection is studied using linear stability analysis.   

RESULTS AND DISCUSSION  

The impact of CT (when CS=0) on  the system’s stability in depicted in Fig 1. With a rise in CT, the 

minimum of Rayleigh number (RaS) drops, suggesting that the influence of CT is to make the system 

unstable.  The fact that CT is directly proportional to thermal diffusivity explains it. 
 

The impact of CS on the system’s stability is depicted in Fig 2. The minimum of Rayleigh number decreases 

with increase in CS (when CT=0), indicating that increasing CS undermines stability of the system. Since CS 

is directly proportional to salutal diffusivity, a drop in bouyancy indicates a decrease in Rayleigh number, 

hence an increase in solutal diffusivity predicts a fall in Rayleigh number. 
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Fig 1: Oscillatory Neutral curve for different values of CT when CS=0. 

 

 

 
Fig 2: Oscillatory Neutral curve for different values of CS when CT=0 

 

CONCLUSION  

Using linear stability analysis, we attempted to investigate the stability criteria for rotation effect on 

Maxwell-Cattaneo double diffusive convection.  

 For oscillatory convection, the onset criterion has been calculated analytically.  

 On increasing the value of CT (when CS=0) and CS (when CT=0)  Rayleigh number drops to its 

minimum, thus it advances the onset of oscillatory convection. It is because both CT and CS is 

proportional to thermal and solutal diffusivity respectively. 
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A horizontal component may exist along with the vertical temperature gradient in a physical problem. 

Convective instability in a porous medium saturated by a fluid due to an inclined temperature gradient is 

relevant in studying geothermal activities, gas reservoirs, underground transport of pollutants, and crystal 

growth, as reported by Manole and Lage [2]. Heat capacities constituting the earth’s crust and sedimentary 

materials of different permeabilities cause non-uniform heating of the lower layers resulting in horizontal 

and vertical temperature gradients. Firstly, Weber [3] studied the convection problem in a porous medium 

with an inclined temperature gradient. This paper investigates the Soret effect and the effect of an inclined 

temperature gradient on double-diffusive convective motion in a horizontal Darcy porous layer. Under the 

appropriate assumptions, the governing equations for the perturbation quantities may be written as  

 ∇ ⋅ 𝒒 = 0, (1) 

                                   0 = −∇𝑝 − 𝒒 − 𝑅𝑠𝐶�̂�𝒛 + 𝑅𝑎휃�̂�𝒛, (2) 

                               
𝜕𝜃

𝜕𝑡
−

𝑅𝐻

𝑅𝑎
𝑢 + 𝑈(𝑧)

𝜕𝜃

𝜕𝑥
+

𝑑𝐹

𝑑𝑧
𝑤 + (𝒒 ⋅ ∇)휃 = ∇2휃, (3) 

                           
𝜖

𝜁

𝜕𝐶

𝜕𝑡
+ (𝑈(𝑧)

𝜕𝐶

𝜕𝑥
+

𝑑𝐶𝑏

𝑑𝑧
𝑤 + (𝒒 ⋅ ∇)𝐶) =

1

𝐿𝑒
∇2𝐶 + 𝑆𝑟∇2휃, (4) 

subject to the boundary conditions  

 𝑤 = 0,    휃 = 0,    𝐶 = 0    at    𝑧 = 0,    1, (5) 

where, the steady solution of the problem is 𝑈(𝑧) = 𝑅𝐻 (𝑧 −
1

2
) ,    𝐹(𝑧) = 1 − 𝑧 +

𝑅𝐻
2 (1−𝑧)𝑧(1−2𝑧)

12𝑅𝑎
,    𝐶𝑏(𝑧) = 𝑧 +

𝐿𝑒𝑅𝐻
2 𝑆𝑟(1−𝑧)𝑧(1−2𝑧)

12𝑅𝑎
. The above system of equations has the concentration, 

vertical thermal Rayleigh numbers, Lewis number, Soret coefficient and the horizontal component of 

thermal Rayleigh number defined respectively as:  

 𝑅𝑠 =
𝜌0𝛽𝐶𝑔𝐾𝑑Δ𝐶

𝜇𝛼𝑚
,    𝑅𝑎 =

𝜌0𝑔𝛽𝑇𝐾𝑑Δ𝑇

𝜇𝛼𝑚
,    𝐿𝑒 =

𝛼𝑚

𝐷
,    𝑆𝑟 =

𝐷𝑇Δ𝑇

𝛼𝑚Δ𝐶
,    𝑅𝐻 =

𝜌0𝑔𝛽𝑇𝐾𝑑2𝛽

𝜇𝛼𝑚
. 

Following the normal mode analysis, linearized governing equations from Eqns (1)-(4) are  

−(𝐷2 − 𝑎2)𝑊 + 𝑎2𝑅𝑠Φ − 𝑎2𝑅𝑎Θ = 0,                                                                             (6) 

 (𝐷2 − 𝑎2 − 𝑖𝑎𝑥𝑈 − 𝜔)Θ − 𝑊𝐷𝐹 +
𝑖𝑎𝑥𝑅𝐻

𝑎2𝑅𝑎
𝐷𝑊 = 0,            (7) 

               (
1

𝐿𝑒
(𝐷2 − 𝑎2) −

𝜖

𝜁
𝜔)Φ + 𝑆𝑟(𝐷2 − 𝑎2)Θ − (𝑖𝑎𝑥𝑈Φ + 𝑊𝐷𝐶𝑏) = 0,                            (8) 

subject to the boundary conditions 𝑊 = 0, Θ = 0, Φ = 0 at 𝑧 = 0,1. Using the Galerkin method, the above 

six-order system has been solved to obtain the Rayleigh number as an eigenvalue. We have numerically 

observed that the stationary longitudinal mode is the preferred convection mode. Further, to obtain nonlinear 

stability bounds, we define an energy functional in terms of norm squares of perturbations in the stability 

measure 𝐿2(𝑉), where 𝑉 is the spatial periodic cell in the layer, given by 𝑉 = Ω × [0,1], and Ω represents 

the general tile in the plane [𝑥, 𝑦] [1]. Then the defined energy will decay to zero with time, subject to a 

maximization problem for which provide the Euler-Lagrange equations are  

 −2𝜆2(𝐷
2 − 𝑎2)𝑊 − (𝜆2𝑅𝑎 − 𝐷𝐹)𝑎2Θ + (𝜆2𝑅𝑠 + 𝜆1𝐷𝐶𝑏)𝑎

2Φ = 0,                               (9) 
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          2(𝐷2 − 𝑎2)Θ + (𝜆2𝑅𝑎 − 𝐷𝐹)𝑊 +
𝑅𝐻

2

2𝜆2𝑅𝑎2 Θ + 𝜆1𝑆𝑟(𝐷
2 − 𝑎2)Φ = 0,                              (10) 

          2
𝜆1

𝐿𝑒
(𝐷2 − 𝑎2)Φ − (𝜆1𝐷𝐶𝑏 + 𝜆2𝑅𝑠)𝑊 + 𝜆1𝑆𝑟(𝐷

2 − 𝑎2)Θ = 0,                                     (11) 

subject to the same boundary conditions 𝑊 = 0,    Θ = 0,    Φ = 0    at    𝑧 = 0,1. The critical Rayleigh 

number 𝑅𝑎𝐸 , which is given by 𝑅𝑎𝐸 = min𝑎max𝜆1,𝜆2
𝑅𝑎(𝑎, 𝜆1, 𝜆2) that can now be obtained by solving the 

six-order eigenvalue problem (Eqns (9)-(11)) using the Galerkin method.  

  

Table 1: Critical Rayleigh number with 𝑅𝐻     Figure 1: Graphical representation of table 1 

 

  
  

Conclusively,  we can say that the energy stability bounds do not coincide with the linear stability bounds, 

which indicates the possibility of subcritical instability in the present study. Further, it is observed from the 

table that the subcritical region increases with an increase in the horizontal thermal Rayleigh number (𝑅𝐻). 

The horizontal component 𝑅𝐻 alone can induce the convection as the critical value of 𝑅a is zero when 𝑅𝐻= 

133.2789 for linear theory and 𝑅𝐻 = 115.3297 for energy method. These values of 𝑅𝐻 may change with the 

change of non-dimensional parameters (𝑅𝑠, 𝐿𝑒, 𝑆𝑟). Further, we observed that the critical vertical Rayleigh 

number (Ra) gets the maximum value for a corresponding value of the horizontal Rayleigh number (𝑅𝐻) and 

then decreases for further increase in 𝑅𝐻. This observation is analogous to the results reported in the literature 

[4]. 
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  𝑅𝑠 = 1, 𝑆𝑟 = 0.02, 𝐿𝑒 = 7  

 𝑅𝐻   𝑅𝑎𝐿   𝑎𝐿   𝑅𝑎𝐸  𝑎𝐸  𝑅𝐻   𝑅𝑎𝐿   𝑎𝐿   𝑅𝑎𝐸  𝑎𝐸  

 0  32.33  3.14 32.33 3.14   80  157.42 6.75 69.94 2.03  

20  42.67 3.14 37.32 2.95 100 135.54 8.89 65.16 6.65  

40  72.42  3.22 48.79 2.56   115.32 - - 0.00 8.25 

60  118.05 3.68 60.69 2.23  133.27 0.000 10.89 - -  
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INTRODUCTION  

A hybrid-nanofluid (hnf) is a type of nanofluid (nf) where two binary mixture of nanoparticles is 

dispersed in a single base fluid. A dilute concentration of nanoparticles is maintained in order to avoid 

agglomeration of nanoparticles (Suresh et al. (2011)). Kanchana et al (2019) studied Rayleigh-Benard 

convection(RBC) in hnf with boundaries that can be attained physically (rigid isothermal boundaries). A 

comparative study between water-alumina nf and water-copper-alumina hnf was done where it was reported 

that the hnf advanced the onset of convection. 

  

MATHEMATICAL FORMULATION:  

Using the single-phase model the following equations govern the RBC problem: 

∇. 𝑽 = 0,                                                                                   (1)  

𝜌ℎ𝑛𝑓

𝜕𝑽

𝜕𝑡
= −∇𝑝 + 𝜇ℎ𝑛𝑓∇

2𝑽 + 𝜌ℎ𝑛𝑓𝒈,                                                      (2) 

𝜕휃

𝜕𝑡
+ (𝑽. ∇)휃 = 𝛼ℎ𝑛𝑓∇

2휃,                                                                    (3) 

where, 𝑽 is the velocity vector, 𝜌 is the density, 𝑝 is the pressure, 𝜇 is dynamic coefficient of viscosity, 휃 is 

the temperature, ∆휃 is the temperature difference between the horizontal walls, 𝑡 is dimensional time, 𝒈 is 

the acceleration due to gravity,  𝛼 is the thermal-diffusivity, 𝛽 is the coefficient of thermal-expansion. The 

subscript hnf stands for hybrid nanofluid. 
The boundary conditions on the rough boundaries considered in the study are: 

𝑣 = 0,       
𝜕𝑢

𝜕𝑦
= +

𝛾𝑙𝑢

√𝐾𝑙

,     +(𝑘ℎ𝑛𝑓)𝑚

𝜕휃

𝜕𝑦
= 𝐻𝑙 (휃 − 휃0 −

∆휃

2
) ,        𝑎𝑡          𝑦 = 0,        (4) 

𝑣 = 0,       
𝜕𝑢

𝜕𝑦
= −

𝛾𝑢𝑢

√𝐾𝑢

,     −(𝑘ℎ𝑛𝑓)𝑚

𝜕휃

𝜕𝑦
= 𝐻𝑢 (휃 − 휃0 +

∆휃

2
) ,        𝑎𝑡         𝑦 = 𝑑,       (5) 

where, 𝛾𝑙, 𝛾𝑢 are dimensionless parameters that characterise the permeable properties of porous-matrix 

(pm), 𝐻𝑙 , 𝐻𝑢 are the heat transfer coefficients of horizontal walls respectively, (𝑘ℎ𝑛𝑓)𝑚 = Φ 𝑘ℎ𝑛𝑓 +

(1 − Φ) 𝑘𝑠  is the thermal-conductivity of the hnf-saturated pm, Φ and 𝑘𝑠 are the porosity and the 

thermal conductivity of the pm respectively. 
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RESULTS AND DISCUSSION 

The RBC problem in hybrid nanofluids using general boundary condition is solved by adopting a 

combination of single-term Galerkin technique and Maclaurin series. The boundary condition have 

been modelled in such a way that a slip-Darcy number (𝐷𝑠𝑙 , 𝐷𝑠𝑢)  and a Biot number (𝐵𝑖𝑙, 𝐵𝑖𝑢) arises 

in each of the horizontal wall. From the Figures 1, 2 it can be observed that the slip-Darcy-number and 

Biot-number have satbilising effects on the onset of convection. It can be concluded that slip-Darcy 

number bridges the gap between stress-free (F) and rigid (R) boundaries, likewise Biot number bridges 

the gap between adiabatic (A) and isothermal (I) boundaries. 

 
Figure 3 Variation of critical Rayleigh-
number with respect to Biot-number for 
𝑫𝒔𝒍 = 𝑫𝒔𝒖 = 𝟏. 

 

 
Figure 4  Variation of critical Rayleigh-
number with respect to slip-Darcy-num-
ber for 𝑩𝒊𝒍 = 𝑩𝒊𝒖 = 𝟏. 

  

To validate the present study sixteen limiting cases of critical Rayleigh number (r) for different boundary 

combinations have been documented in Table 1.  

Table 1 Critical Rayleigh number for sixteen combinations of boundaries  

FF-II FR-II RR-II FF-AA RF-AA RR-AA FF-AI RR-AI RF-AI RF-IA 

657.627 1100.72 1707.81 120.136 320.238 720.374 384.349 1285.32 812.836 666.395 
 

CONCLUSION 

 

The following are the main findings of the present study: 

(𝑟𝑐)
𝑤𝑎𝑡𝑒𝑟 > (𝑟𝑐)

𝑤𝑎𝑡𝑒𝑟−𝑎𝑙𝑢𝑚𝑖𝑛𝑎 > (𝑟𝑐)
𝑤𝑎𝑡𝑒𝑟−𝑐𝑜𝑝𝑝𝑒𝑟 > (𝑟𝑐)

𝑤𝑎𝑡𝑒𝑟−𝑎𝑙𝑢𝑚𝑖𝑛𝑎−𝑐𝑜𝑝𝑝𝑒𝑟 ,    

(𝑟ℎ𝑛𝑓𝑐)
𝑖𝑠𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙

> (𝑟ℎ𝑛𝑓𝑐)
𝑔𝑒𝑛𝑒𝑟𝑎𝑙 𝑏𝑜𝑢𝑛𝑑𝑎𝑟𝑖𝑒𝑠

> (𝑟ℎ𝑛𝑓𝑐)
𝑎𝑑𝑖𝑎𝑏𝑎𝑡𝑖𝑐

, 

(𝑟ℎ𝑛𝑓𝑐)
𝑟𝑖𝑔𝑖𝑑

> (𝑟ℎ𝑛𝑓𝑐)
𝑔𝑒𝑛𝑒𝑟𝑎𝑙 𝑏𝑜𝑢𝑛𝑑𝑎𝑟𝑖𝑒𝑠

> (𝑟ℎ𝑛𝑓𝑐)
𝑠𝑡𝑟𝑒𝑠𝑠−𝑓𝑟𝑒𝑒

. 
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INTRODUCTION 

The requirement of highly coherent heat transfer system in modern industrial world has led to the 

development of specific category of nanofluids widely known as “magnetic nanofluids” (MNFs). 

Accountability of Taylor number 𝑇𝐴 which exhibits the effect of rotation on the onset of convection is very 

much considerable. Various studies have been performed to see the effect of the same by varying one or the 

other parameters. This study investigates the effect of 𝑇𝐴on the onset of convection in water based 

𝑀𝑁𝐹(𝑊𝑀𝑁𝐹) and ester based 𝑀𝑁𝐹(𝐸𝑀𝑁𝐹). 

FORMULATION AND METHOD 

An infinite horizontal layer of an incompressible MNF of thickness 𝑑 heated from below having a variable 

viscosity 𝜇1 = 𝜇(1 + 𝛿. 𝐵) is considered (Arora et al. (2016)) and system is supposed to rotate along 𝑧-axis 

with angular velocity 𝛺 = (0,0, 𝛺). The model involves three important slip mechanisms: Brownian motion, 

Thermophoresis and Magnetophoresis. The governing equations for the system are considered as given in 

Mahajan et al. (2014) and Arora et al. (2016). Graphical analysis is performed through linear stability 

method to check the effect of 𝑇𝐴on the onset of convection by varying different non-dimensional parameters. 

The eigen value problem obtained in the process is solved by Chebyshev pseudospectral method for 𝑊𝑀𝑁𝐹 

and 𝐸𝑀𝑁𝐹 . 
RESULTS AND DISCUSSION 

Linear stability analysis is done for 𝑊𝑀𝑁𝐹 and 𝐸𝑀𝑁𝐹to see the effect of rotation which is exhibited by 𝑇𝐴 

through neutral stability curves (NSCs) (see Fig 1 and Fig 2). The stabilizing effect of 𝑇𝐴is witnessed on the 

system since 𝑅𝑎𝑐 increases as 𝑇𝐴increases.  

 
Fig 1: NSCs for different values of 𝑇𝐴for 𝐸𝑀𝑁𝐹 
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Fig 2: NSCs for different values of 𝑇𝐴for 𝑊𝑀𝑁𝐹 

 

CONCLUSION 

The effect of rotation on the onset of convection has been investigated in MNF with magnetic field 

dependent viscosity using linear stability theory. Stabilizing effect of 𝑇𝐴has been observed since on 

quantitative ground 𝑅𝑎𝑐 and 𝑇𝐴 follow the same trend.     
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INTRODUCTION  

The paper aims to study the Rayleigh-Bénard convection problem bounded by rigid isothermal 

boundaries, in the presence of a vertical magnetic field. A minimal Fourier-Galerkin expansion is 

proposed accordingly. Using the multiscale method, the analytically intractable Lorenz model is reduced 

to a tractable Ginzburg-Landau equation. The results of these boundaries are extracted using the 

Chandrasekhar even eigen function and its corresponding even eigen value. The steady state equations 

of the Lorenz model provides a solution for the finite amplitude convection. The rigour of the convective 

instability, intensity of heat transfer and chaos in the system is analyzed and captured via graphs.   

MATERIALS AND METHODS  

The solution of the problem is studied using a linear and nonlinear analysis with the help of a minimal 

Fourier-Galerkin expansion. Using multiscale method, we arrive at a Ginzburg-Landau equation, which is 

used to study the heat transport. A Lorenz model resembling like that of the classical Lorenz model is ob-

tained to study its dynamical behavior.  

 

RESULTS AND DISCUSSION  

In this research work, we analyze the behaviour of the dynamical system subjected to a vertical 

magnetic field in a weakly electrically conducting liquid bounded by the rigid isothermal boundaries. This 

can be viscualized in the physical confiuration in Figure 1. Insights on the convective instablity, heat 

transport phenomena and chaotic nature have been compiled in this section and are as follows: The effect of 

increasing magnetic field is to delay the onset of convection (see Table 1.) and chaotic motion; and to 

increase the heat transport. Trajectories revolve around their critical points giving rise to chaos in the system 

(see Figure 2(a)). A clear distinction between the regular convective motion, periodic and/or chaotic motion 

is traced using the bifurcation diagram in Figure 2(b).  

 

Table 1. Values of the critical Rayleigh number for different values of Chandrasekhar number. 

CHANDRASEKHAR 

NUMBER  

CRITICAL 

RAYLEIGH 

NUMBER  

WAVE NUMBER 

   0 1728.38 3.09 

3 1865.36 3.10 

5 1956.64 3.11 
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Figure 1. Sketch of a Rayleigh-Bénard convection problem bounded by rigid isotherma boundaries 

and subjected to a vertical magnetic field  
 

 
                           (a)                               (b) 

Figure 2. (a) Phase space plot showing the chaotic nature of the Lorenz system revolving around its 

critical points (b) Bifurcation diagram predicting the Hopf-Rayleigh number and displaying the reg-

ular convective, chaotic and periodic nature of the Lorenz system  

CONCLUSION  

A weakly electrically conducting liquid subjected to a vertical magnetic field and bounded by the rigid 

isothermal boundaries is studied analytically in this paper. We aim to demonstrate the heat transport and 

study the dynamics of the Lorenz system. The effect of increasing magnetic field is to delay the onset of 

convection and chaotic motion; and to increase the heat transport. Chaos in the system can be witnessed by 

the chaotic movement of the trajectories without intersecting one another. Using the bifurcation diagram it 

is possible to clearly distinguish the dynamics of the system. 
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INTRODUCTION 

The stability of a layer of steady, viscous, incompressible thermohaline couple-stress liquid is 

investigated. The linear and nonlinear thresholds at the onset of convection are found to be same. The couple 

stresses and solute gradient both have the stabilizing impact on the system. Among the models proposed for 

the distinct behavior of non-Newtonian fluids, the one proposed by Stokes (1966) on couple stresses in fluids 

has relevance in theory of lubrication, synovial fluid present in synovial joints, liquid crystals, animal blood. 

Global nonlinear results are obtained in Sunil et al. (2011) for a layer of couple stress liquid. The 

corresponding problem in porous media is analysed by Choudhary and Sunil (2019).  

 

MATERIALS AND METHODS 
 A horizontal layer of couple stress fluid with fixed viscosity heated and soluted from below for a free 

free conducting boundary system is considered. The temperature and concentration at lower and upper 

surfaces are fixed with gravitational force acting vertically downward. The governing equations for 

analysing onset in a thermohaline couple-stress liquid are (by using the Boussinesq approximation, 

Chandrasekhar (1961)):  

   0,sq                                                                                                                           (1)                                                                                                       

     2 2

1 1 ,r s s r a v a v sq q p T T C C g q
t
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(4) 

 Here, r is the reference fluid density, sq is the fluid velocity, g is gravity, t denotes time, 1p is the fluid 

pressure,  is the viscosity,  is the visco-elasticity coefficient,  is the thermal diffusivity,   is the solute 

diffusivity,  and  are thermal and solute expansion coefficients. 

 To the above set of equations, we apply perturbations, normal mode techniques for linear analysis and 

then the energy method for nonlinear analysis. The critical values of Rayleigh number for both the cases 

(linear as well as non linear) are calculated and found to coincide. 
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OUTCOMES 

The values of the wave number (xc) and thermal Rayleigh number (Rc) turned out to be dependent 

on couple stress parameter (F1) and solute gradient (S1). Figure 1 shows the behaviour of critical values of 

thermal Rayleigh number with varying solute gradient for considered values of couple stress parameter. 

 

                      

Figure 1: The variation in Rayleigh number cR  versus solute parameter S1. 

 

From this figure, the stabilizing nature of couple stresses as well as solute gradient is observed.  

 

CONCLUSIONS 
The critical values of Rayleigh numbers obtained using linearised theory and by energy technique of 

nonlinear theory are same. The coincidence of the two theories allows linear theory to capture the whole 

physics of the model. The onset of convection is advanced due to presence of solute. The critical Rayleigh 

number values for couple stress parameter shows stabilizing nature of the parameter. 
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INTRODUCTION  

This study uses the Cogley et al. (1968) model to examine how the thermal radiation and chemical reaction 

affect the free convective viscous incompressible optically thin fluid. The core interest of this scrutiny is that 

the current problem involves a flow through a porous media of the Brickman type while a first-order 

chemical reaction is occurring. In order to find the solutions to the governing equations, the asymptotic series 

expansion approach is used. The current study could have an impact on a number of engineering procedures, 

including the manufacture of paper, the making of glass, etc. 

 

MATERIALS AND METHODS  

We consider a viscous, unsteady, two-dimensional flow of an incompressible radiating fluid with 

mass transfer past a semi-infinite vertical porous plate. The plate is along the X-axis and the Y-axis 

perpendicular to it with the Z-axis along the width of the plate. The plate is at temperature wT
 and 

concentration wC
 (at the wall) and far from the plate, we have the temperature at 

T  and concentration at 

C  (free stream). The semi-infinite nature of the plate makes the flow variable a function of y and t only. 

To solve the non-dimensional governing equations, we take into account the ensuing asymptotic form: 
2
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Using the perturbation technique, the final solutions for the velocity, concentration, and temperature are 

obtained as 
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 The effects of many parameters, such as the radiation parameter Q, Schmidt number Sc, thermal Grashof 

number Gr, chemical reaction K, etc., are examined graphically to gain a physical understanding of the 

problem. Figure 1 demonstrates how fluid velocity rises as Gr values rise. As a result, the fluid's velocity 

increases due to the force of thermal buoyancy. Figure 2 shows that the magnitude of the temperature de-

creases noticeably as the positive values of the radiation parameter Q increase. Figure 3 depicts how the 

chemical reaction parameter K affects the concentration profile. It is observed that when the effect of chem-

ical reaction increases, the species concentration significantly falls. 

 
Figure 1. Velocity layout for thermal Grashof number Gr, when Pr=0.71, Sc=0.7. 

 

   
Figure 2. Temperature layout for radiation parameter Q, when Pr=0.71, Sc=0.7. 

 

   
Figure 3. Concentratione layout for chemical reaction parameter K, when Pr=0.71, Sc=0.7. 

 

CONCLUSION 

We come to the conclusion that fluid velocity rises in the existence of thermal buoyancy force. Under 

the influence of the radiation parameter, the fluid's temperature decreases significantly. Due to the enhanced 

chemical reaction parameters and Schmidt number, a considerable decrease in fluid concentration is seen. 

For increased radiation, viscous drag at the plate diminishes.  
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INTRODUCTION  

Eringen [1-2] introduced the micropolar fluid theory, which is one of the superior fluid theories for 

representation of the deformation of materials. Micropolar fluid is used to study the performance of novel 

lubricants [3-4], flow of polymeric fluids or colloidal suspensions [5], liquid crystals [6,7], supplemental 

suspensions, animal and human blood , turbulent shear flow etc. The flow of two not miscible fluids in a 

parallel plate channel was studied by Laharsabi and Shai [8], who assumed that the thermal equilibrium and 

velocity at the contact were constant. Nanofluids are known as super-coolants, since they ingest heat more 

efficiently than regular fluids, allowing systems to be smaller and more efficient [9,10]. Umavathi et 

al.[11,12] analyzed the properties of nanofluids for a viscous permeable, conducting, Newtonian/non-

Newtonian fluid through various geometries. An analysis of the micropolar nanofluid stuffed between purely 

viscous nanofluid in the upper and lower regions is presented here.                    

MATERIAL AND METHODS 

We consider a steady, completely formed, micropolar nanofluid flow flowing inside a definite horizontal 

channel bounded by 0 y h   as given by [13]. This flow is described by a two-fluid model along a central 

micropolar nanofluid  0 y h   and viscous Newtonian nanofluid of thickness h on the periphery layers 

 0h y    and  2h y h  of same width. The formulations for one-dimensional, steady, linear velocity, 

temperature and microrotation velocity in nondimensional form are 
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Above eqns. are solved using the following boundary and interface conditions  
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Using authentic boundary and interface conditions, (8) and (9), the solution of equations (1) –(7) are obtained 

for the non dimensional linear velocities ( 1,2,3)iu i  , the microrotation velocity N , and temperature 

( 1,2,3)i i  for three regions. -  

 

RESULTS AND DISCUSSION  

An exact analytical solution for the micropolar nanofluid saturated with nanofluid sandwitched between 

viscous nanofluid layers is studied. The non-dimensional governing equations (1)-(7) as well as boundary 

and interfacial conditions (8)-(9) are linked ordinary differential equation and hence exact solution are 

obtained. With the help of these elucidation numerical values are estimated for specific values of the 

controlling constants, and are commenced in tables and graphs respectively. Computations are carried out 

using pure water as the base fluid inside that Pr 6.06  and alumina as nanoparticles [14]. The calculations 

are made for the values of 0.5, 2.0, 0.01, 2.0Ec p K      expect the varying parameters. 

CONCLUSION 

In the present study micropolar nanofluid sandwiched between pure viscous nanofluids was analyzed. The 

closed one solutions are computed. The linear velocity and temperature decreases with solid volume fraction 

ϕ and material parameter. The material parameter increases micropolar velocity in magnitude and solid 

volume fraction ϕ reduces the microrotation velocity. Eckert number helps to bust the energy. The cell 

rotational velocity reduces the velocity and also the microrotation velocity. The presence of nanoparticles 

like silver, copper, copper oxide and graphite oxide do not influence the linear velocity and temperature. 
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INTRODUCTION  

The transport of solute in Couette flow has various applications in food, polymer processing and 

lubrication. From the practical point of view, the heavy particles (i.e., heavier solutes with settling 

velocity)  may be present in the crude oil or raw food. The transport of solute material in steady and 

oscillatory Couette flow was extensively studied by numerous researchers with considering boundary 

absorption (Barik and Dalal, 2017, 2019), sorption and phase exchange kinetics (Ng, 2006). The 

dispersion of heavy particle was studied in turbulent open channel flow (Mondal and Mazumder, 2005), 

wetland flow (Dhar et al, 2021; Poddar et al. 2021), laminar ice-covered channel flow (Dhar et al. 2022), 

but, the dispersion of heavy particle in Couette flow paid low attention.  

From the industrial point of view, the vertical distribution of heavy particle is highly significant 

and so the present research enlightens on the vertical concentration distribution in a steady Couette flow. 

It is shown that, how the heavy particles move through the flow under the movement of the upper p late. 

Mei’s homogenization technique with three time scale is used to obtain the solution of convection -

diffusion equation. It is found that concentration of the particles falls downward and deposited near the 

lower plate as the settling velocity increases. The vertical concentration variation rate for the Couette 

flow is also disturbed with the introduction of small values of settling velocity.   

MATERIALS AND METHODS 

 A laminar Couette flow for an incompressible, viscous fluid flowing between two infinite parallel plates 

of separation height ℎ is considered. The �̅� and �̅� axes are taken along the longitudinal and vertical direction 

respectively. The upper plate �̅� = ℎ is moving with speed 𝑈 and the lower plate �̅� = 0 is stationary (see 

Figure 1). The dimensionless velocity profile for Couette flow becomes:  

𝑢 =
�̅�

𝑈
=

�̅�

ℎ
= 𝑦. 

 
Figure 1. Physical situation of Couette flow with moving upper plate and steady lower plate.  

            When a heavy particle with settling velocity �̅� and constant molecular diffusivity 𝐷 is released into 

the above mentioned Couette flow, it is satisfied the mass transport equation and its dimensionless form is 

given by: 

𝜕𝐶

𝜕𝑡
− 𝜖𝜔

𝜕𝐶

𝜕𝑦
+ 𝜖𝑢𝑃𝑒

𝜕𝐶

𝜕𝑥
= 𝜖2

𝜕2𝐶

𝜕𝑥2
+

𝜕2𝐶

𝜕𝑦2
 

and the initial and boundary condition is given by 𝐶(𝑥, 𝑦, 𝑡)|𝑡=0 = Δ(
𝑥

𝜖
) and [

𝜕𝐶

𝜕𝑦
+ 𝜖𝜔𝐶]

𝑦=0,1
= 0. 

Here 𝜖 =
ℎ

𝐿
(≪ 1) is the perturbation parameter. The dimensionless terms are introduced as 
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𝑡 =
𝑡̅

ℎ2/𝐷
,𝜔 =

�̅�𝐿

𝐷
, 𝑥 =

�̅�

𝐿
, 𝑦 =

�̅�

ℎ
, 𝑃𝑒 =

𝑈ℎ

𝐷
 

To solve the mass transport equation associated with initial and boundary condition, an asymptotic expan-

sion of concentration and three time scales are adopted. The three time scales are given by diffusion time 

along vertical, convection time along longitudinal and diffusion time along longitudinal direction respec-

tively.  

RESULTS AND DISCUSSION  

The dispersion coefficient and two dimensional real and mean concentration distribution of heavy particle 

is obtained for Couette flow using the multiple scale homogenization method. The effective dispersivity is 

equal with the steady dispersion coefficient of Barik and Dalal (2019). Figure 1a shows that as the tracer 

material become heavier, its concentration increases near the stationary lower plate. On the other hand, 

concentration decreases from the moving upper plate. A symmetric behavior is observed in vertical variation 

rate at different time form Figure 1b. It is seen from Figure 1c that, an important asymmetry is reveal in the 

vertical variation rate when the solute changes its state to heavy particle. Not only that, the bimodal variation 

rate profile becomes unimodal with the enhancement se4ttling velocity. The iso-concentration contour of 

heavy particle for different values of settling velocity is shown in Figure 2. The iso-concentration contour 

lines tilted towards the lower plate. The concentration of the particle moves from the upper plate to the lower 

plate and conglomerated near the lower plate as the particles becomes heavier.  

 
Figure 1. (a) Vertical concentration distribution               Figure 2. Iso-concentration contours for the values of 

         (b) Vertical variation rate for different time                                  (a) 𝝎 =  𝟎. 𝟎 (b) 𝝎 = 𝟏 (c) 𝝎 = 𝟐. 
(c) Verticla variation rate for different settling velocity  

CONCLUSION  

In the present work homogenization technique is used for three time scale to solve the convection 

diffusion equation for heavy particle in a Couette flow. Some significant conclusions are: (i) the concentra-

tion of heavier particle deposited near the lower plate, (ii) a transition point in vertical concentration distri-

bution is found for various settling velocity, (iii) the centroid of the particles cloud moves along the upstream 

direction as it becomes heavier, (iv) the strength of the concentration enhances as settling velocity increases, 

(v) The model may be useful to understand food, polymer processing and lubrication. 
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1.INTRODUCTION 

One of the major problems in the thermos-fluids is the natural and forced convection flow and heat 

transfer in the presence of internal obstacles of several shapes and disposition and with several aspect 

ratios for both obstacles inside and of cavity along with or without varying of shapes and many other 

extensions.  

Due to the simplicity of the LDC setup, it has been investigated quite extensively and serves as a benchmark 

to test numerical methods, manifold code development, and many fluid mechanical phenomena[4]. Physics 

involved in LDC flow has relevance to vivid applications: lake dynamics, heat exchangers,roll-coasting, 

galvanization, material processing.The increasing use of non-Newtonion fluids has contributed to practical 

and fundamental prominence to scientific applications in nonlinear science, flow properties polymer 

solutions, composite and biological materials, foodstuffs, etc.,[2]. Most of the findings in the literature are 

that the cavity is filled with  a Newtonian. Few of them studied cavity filled with non-Newtonian Casson 

fluid flow, there are no findings on the installed  obstacles in LDC with changing AR of obstacles by 

Fractional step method on straggered grid conjunction with ORK5 sheme for time integtation and 

stable,optimal SOR for poission equation. 

 

2.MATERIALS AND METHODS: 

The physical model shown in figure 1 consist of square cavity with the height of L.Essential 

assumptions:The domain is filled with the Casson fluid ,non-Newtonian fluid is in thermal equalibrium & 

2-D flow is laminar,incompressible , unsteady. Mass force and slip (between the fluid and the wall are not 

considered) ,the square obstacle installed at the center is of width l aspect ratio is AR=l/L.  

                                            
Fig.1 Schematic of LDC flow internal obstacle of AR=0,0.2,0.4,0.5,0.6 (at right) with boundary 

conditions. 

The governing equations of continuity, momentum in dimenstional form: 

                                                                                 𝛻 ∙ 𝑼 = 0                                                                                      (1) 

                                                                      ρ
𝐷𝑼

𝐷𝑡
= − 𝛻𝑝 + 𝑑𝑖𝑣(𝜏)                                           (2)                                        

where U = (u(x,y,t), v(x,y,t), 0) is the velocity of fluid,  ρ is the density, p is the isotropic pressure, ∇ is 

      AR=0 AR=0.4

 0

.4.4 

     AR=0.5 AR=0.6 
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gradient operator,div is divergence operator, 
𝐷( )

𝐷𝑡
=

𝜕( )

𝜕𝑡
+ U·∇( ) is the advective derivative,ei,j is (i,j)th 

component of deformation rate e and 𝜏 is extra stress tensor written as ,incompressible fluid follows casson 

phenomenological consitutive model,equation [3]: 

                                                     𝜏𝑖,𝑗  =  2 (µ𝑎  + (𝑒𝑖,𝑗 ) [(
𝑝𝑦

√2𝜋𝑐
)

1

𝑛
]

𝑛

 )                                         (3)             

Where µ𝑎  is  plastic viscosity,critical value depend on the non-Newtonian model of 𝜋 (𝑖. 𝑒. , 𝜋 =

𝑒𝑖,𝑗 𝑒𝑖,𝑗 ). 𝑝𝑦 is yield stress (of fluid). We chose n = 1 (for plasitic fluid), 𝜏 given in eq. (3) written as 

[3]:                                                                           𝜏 = −pI + (1 +
1

𝛼
) [∇U +(∇U)t]                         (4)       

where α  =  ( µ𝑎 √(2𝜋𝑐))/𝑝𝑦  , is the Casson fluid parameter. If α → ∞ then we get Newtonian fluid flow 

eqn.Make use of . (1), U, and  𝑒𝑖,𝑗 in  (1) and (2) and then Nondiminsionalised variables: velocity, length, 

time and pressure  by the viscous scales 
𝜈

𝐿
, L,  

𝐿2

𝜈
 and  

𝜌𝜈2

𝐿2 , resp., where L is the length of the sliding lid, 𝜈 is 

the kinematic viscosity and Re = 𝑈𝐿/𝜈 where U is velocity magnity of sliding lid.we also get 

nondimensionalised and bounadry conditions as shown in fig.1. 

Then  obtain non-dimenional, the mass eq. (1) and momentum conservation equations (2),(3) reduced to 

                         
  𝝏(𝒖𝒊 )

𝝏𝒕
= 𝟎 𝒂𝒏𝒅 

𝝏(𝒖𝒊 )

𝝏𝒕
+

𝝏(𝒖𝒊𝒖𝒋 )

𝝏𝒙𝒋

= −
𝝏(𝑷 )

𝝏𝒙𝒊
+ (𝟏 +

𝟏

𝜶
) (

𝟏

𝑹𝒆
)
𝝏𝟐(𝒖𝒊 )

𝝏𝒙𝒊𝝏𝒙𝒋
,                                                         (𝟓)&(𝟔) 𝒓𝒆𝒔𝒑. 

The eqn.(5),(6) solved by fractional step method (FSM) jointly with Optimized five-stage Runge-Kutta 

(ORK5) for time integration, successive over relaxation method (SOR) for pressure eqn.in FVM. Solved in 

3 stages:1) Stage:  explicitly solve an auxiliary velocity without pressure term. 

2)Stage: implicitly solve pressure is evaluated through Pressure poisson eqn. by the help of step1. 3)Stage:  

explicitly solve final required velocity field is evaluated by the help of step1and 2. 

 

3. RESULTS AND DISCUSSION  

          
 Fig.2 velocity profile:Comparison of of y-component (at left) , x-component (at right) of velocity 

with Ghai et al. experimental data as α → ∞.  

AR=0,α→ ∞                AR=0.4,α=0.2              AR=0.5, α =0.2         AR=0.6, α =0.2         AR=0.4, ,α =0.93        

AR=0.5, α =0.93     AR=0.6,α=.93 
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       Fig.3:Streamline pattern with four ARs for two α values. 1st,2nd,3rd rows images for  Re=10, 100 

and 500. resp.                         

 

CONCLUSION  

Numerical results show that fractional step method by FVM can accurately simulate the LDC problem of 

non-Newtonian Casson fluids (which are intricate than Newtonian fluids) in obstacle at centre. 

a) we observed the size of the generated vortex increases as Reynolds number increases leading to effect in 

increase in magnitude of velocity, vorticity  on top of obstacle  and the secondary vortices at bottom right 

disappeared significantly in all taken non-zero AR compared to no obstacle(AR=0) figure b)Low Reynolds 

number chosen such that it demands in improved and complete mixing on the account of massive generated 

vortex as a regard to the AR of obstacle increases lead to flow region becomes compact in turn velocity 

increases to obey continuity. c) the Casson fluid parameter α has influence in strength of the vorticity with 

different AR, around the cavity observed dominant vorticity.  
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Abstract 

In this article, we propose a two-second derivative-free parameter-based continuation method for solving 

nonlinear equations. According to Kung-Traub conjecture, both the suggested methods are optimal. 

Furthermore, two essential theorems which show the order of convergence and asymptotic error constant 

along with the theoretical and computational aspects of the proposed strategy are closely researched. The 

order of convergence of the proposed method is six for 𝛼 = 0  and seven for 𝛼 = 1. The performance and 

effectiveness of the proposed optimal methods are compared with their closest competitors on a concrete 

variety of nonlinear equations with the help of Mathematica-7, by using its high precision compatibility. 

Ultimately, based on the results, it is concluded that our proposed methods are found to be more effective 

than the similar robust methods of the same order. 
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Abstract  
  

 The current work considers the 2-dimensional incompressible flow and heat transfer over porous 

medium with mass transpiration and Marangoni boundary condition. The graphene nanoparticles are mixed 

in water base fluid to enhance the thermal conductivity of the fluid. It can acts as heater upon increase of its 

solid volume fraction, Eckert number, injection and can act as cooler upon increase of suction. The governing 

equations of the defined flow forms a system of partial differential equations (PDEs) and those are then 

transformed into system of ordinary differential equations (ODEs) upon applying the suitable similarity 

transformations. The solutions for velocity profile and temperature distribution are found from obtained 

system of ODEs. The results are analyzed through plotting graphs and effect of different parameters such as 

Marangoni number, inverse Darcy number, Brinkman ratio, Prandtl number and Eckert number is analyzed. 

The work of Marangoni boundary layer flow has many industrial applications in paints, glues, crystal growth 

in space etc.   

 

Keywords: Brinkman ratio, Eckert number, Graphene, Marangoni number, porous media. 
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Abstract 

     Ternary hybrid nanofluid flow with transfer of heat under the impact of transpiration and radiation is studied 

in the present analysis. The PDES of the current work is mapped by using a similarity variable to convert into 

ODEs form. The volume fractions of the ternary hybrid nanofluid is used in the entire calculation to achieve 

better results. The momentum equation is investigated exactly to yield the value of domain. The impact of 

thermal radiation and is considered under energy equation and solved analytically with solution domain to 

yield the temperature profile. The impact of parameters namely, thermal radiation, heat source or sink 

parameter and porous medium parameter can be analysed with the help of graphical arrangements. The current 

work is considered under many industrial applications. 

 

Key words: Ternary hybrid nanofluid; mass transpiration; porous medium; thermal radiation, 

stretching/shrinking sheet. 
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In this study, a single server queuing system with second optional service and working breakdown is 

investigated. We assume that the batch of customers arrive to the system according to a compound Poisson 

process and service follows general distribution. The concept "working breakdown" refers to a system failure 

that can happen to a server at any time when it is in operation. These queueing systems have been utilized 

in a wide range of industries, including banking, various machine categories, flexible manufacturing, e-

commerce, supply-chain systems, computer systems, and telecommunications. 

Yen et al. [4] discussed the optimization analysis of the N-policy 𝑀/𝐺/1 queue with working 

breakdown. Ammar et al. [1] developed and analysed preemptive priority retrial queuing system with 

disaster services and working breakdowns. Yang et al. [3] presented a optimization of two-server queue with 

multiple vacations and working breakdowns. The concept of working breakdowns was introduced by 

Kalidass and Kasturi [2]. 

Mathematical Description 

Customers enter the system in batches of varying sizes according to compound Poisson process, and 

they are served one by one at a time on a ‘first come - first served’ basis. The first essential service is required 

by all arriving customers, and its distribution function and density function are 𝐵1(𝑥) and𝑏1(𝑥) respectively. 

When a customer's first essential service is completely finished, they may opt for the second optional service 

with probability p in which their optional service will immediately start. Otherwise, with probability 1-p 

they may decide to exit the system, in which case a new customer (if any) is picked for their first essential 

service from the head of the queue. The optional service is also assumed to follow the general distribution, 

𝐵2(𝑥) and 𝑏2(𝑥). When servicing a customer at first stage or second stage, the system may get breakdown 

and the breakdown times are supposed to occur under Poisson process with parameter α. After breakdown, 

instead of stopping the service completely, the server will complete the current service at slower rate. After 

the completion of current service at a slower rate, the server is sent to repair. Meanwhile after the repair, 

when the server returns to the system and if there are no customers in the system, the server remains in the 
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idle state and waits for the customers to arrive. Some of the numerical results and graphical representations 

were also presented. 

 

Numerical Results 

According to Figure 1, as the breakdown rate (𝛼) has risen, the idle time (𝐼) begins to fall, the expected 

queue size (𝐿𝑞) tends to rise, and the expected waiting time of the customers in the queue (𝑊𝑞) also tends 

to rise. 

Figure 3: Expected queue lengths size, Expected waiting time, Idle time of customers verses breakdown 

rate 
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ABSTRACT 

In this paper, microwave energy has been used to heat the Al 6061 metal to produce the casting products 

with more dimensional accuracy and surface finish. The applicator used for the melting, having 2.45 GHz 

microwaves at 600 W to 900 W. Three most significant process parameters with different levels have been 

selected as power, susceptor material and heating time. Optimization of process parameters indicated 

that the maximum value of hardness has been achieved at 750W power, stone charcoal susceptor and 

180 minutes heating time. The optical microstructures have been studied for the most harder casting 

specimens. 

Keywords: Microwave Casting Technique; Al-6061 alloy, Hardness strength, Microstructure 

Study 

1.   INTRODUCTION 
The research we are working on is Al-6061/SiC charcoal using the microwave casting technique. We 

know about some materials and reinforcement like aluminum; silicon carbide and charcoal matrix 

composites. Which is used in automotive industries due to its tensile strength, more strength to weight 

ratio, more wear resistance, elevated temperature hardness, and more stiffness. Microwave energy can be 

effectively used for metal processing. In microwave processing, the fundamental of heating is the 

opposite of the traditional heating process. In the conventional heating process, the heat is conducted 

from the surface them to the inner core of the metal. So, heating is uniform throughout the material[1-8]. 

2. MATERIALS AND METHODS 
Aluminum alloy 6061 has been selected as the pouring metal because of it has brilliant mechanical 

properties and great pliability, high strength, hardness, and great protection from exhaustion displayed 

in Figure.1. The support's silicon carbide properties of the composites like tractable way of behaving, 

influence strength, and flexural conduct were concentrated as an element of filler stacking displayed 

upgrades in the mechanical outcomes [9-10]. In this technique of microwave, the melting of Al-6061 has 

been takes place inside the apparatus that has microwave hybrid heating process with charge of subsector 

material. In in-situ casting process, the molten material has been solidified inside the microwave oven 

and in ex-situ molten has been placed outside the oven during solidification process [11]. The microwave 

casting process performed the experiment activated charcoal and, on that Al-6061 alloy and silicon block 

has been taken. [12]. 
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Analysis of Variance  
Source DF Adj SS Adj MS F-Value P-Value 

Power (W) 2 26.99 13.493 0.09 0.006 

Susceptor 2 15.64 7.822 0.05 0.050 

Heating Time (min) 2 175.91 87.954 0.03 0.027 

Error 2 295.58 147.792   
Total 8 514.12    

 

 
Figure 1. Al-6061 alloy                  Figure 2. Silicon block                   Figure 3. 

Microwave casting setup 

 
 

Figure 4. Microwave casting experimentation with 

specimen 

5. RESULTS AND DISCUSSION 

5.1 Hardness Test 
The   hardness   measurements   on   Al-6061/SiC   hybrid   composite   are   taken   using   Brinell 

hardness testing machine as per the ASTM E10-08 standard at 100 kgf load on samples having different 

reinforcement particles of SiC with stone charcoal powder. The hardness value is found to increase with 

increased wt% of silicon carbide reinforcement. The show table 3 average value of hardness is 33.66 [1] 

 

Table 3. Test data summery for Hardness 

 
Experiment 

Run 
Po
wer 

(
W
) 

Susceptor Heating 
Time 
(min

) 

Trial 1 Trial 2 Trial 3 Hardnes
s 

(MPa
) 

S/N 
Ratio 

1 6
0
0 

WC 120 46.19 47.20 48.21 47.7
9 

33.5867 
2 6

0
0 

SiC 180 58.09 59.10 60.11 59.2
9 

35.4596 
3 6

0
0 

SC 240 36.08 37.16 38.20 37.5
4 

31.4899 
4 7

5
0 

WC 180 47.33 48.35 49.10 48.9
7 

33.7986 
5 7

5
0 

SiC 240 46.06 47.07 48.08 47.2
1 

33.4807 
6 7

5
0 

SC 120 57.31 58.30 59.29 58.9
2 

35.4053 
7 9

0
0 

WC 240 47.09 48.08 49.07 48.2
5 

33.6699 
8 9

0
0 

SiC 120 37.16 38.15 39.14 38.4
5 

31.6979 
9 9

0
0 

SC 180 55.20 56.31 57.29 56.9
1 

35.1038 
Average        33.7436 

 
5.2 Taguchi Design 
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Figure 5. Main effects plot for SN ratios                                                   Figure 6. 

Optical microscope test 
 
 
 
5.2 Optical Microscope Test 
 

In the research optical micrograph of Al-6061 castings with susceptor of silicon carbide (SiC) 

and stone charcoal powder has studied. The grain boundary of specimen at optimized, shown in 

fig.7. 

 

6. CONCLUSIONS 
 

This research work concludes the following observations- 

•  This technique complete experimental analysis by Taguchi method orthogonal L9 array. 

• The  effect  of the type  of material  of susceptor  and microwave  power  has  significantly 
increased value of the hardness. 

• Optimization of process parameters indicated that the maximum value of hardness has 
been achieved at 750W power, stone charcoal susceptor and 180 minutes heating time. 

•  The range of predicted optimal value of hardness is: 37.54 BHN to 59.29 BHN. 
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INTRODUCTION  
Transportation is defined as a medium for carrying goods, people and animals from one place to 

another and it has existed since humans stepped foot on this earth. A transportation network is the 

backbone of any economy, however, it has various environmental externalities which cannot be 

ignored. A major proportion of greenhouse gas emissions are carbon dioxide (CO2) emissions which 

are a result of transportation. This is the point where the concept of a sustainable transportation 

system comes into the picture. To achieve this, there is a need to harmonize economic growth, 

mitigate climate change, and environmental protection. It refers to energy-efficient, minimal 

emission modes of transport. However, which mode of transport requires an urgent need for 

sustainability is what will be discussed in this paper by analyzing on the basis of carbon dioxide 

(CO2) emissions thereby concluding the most sustainable vehicles. In this regard, various policies 

and decisions are made by various governments and legislators which leads to diversity in nature, 

and all these strategies are required to go through the recognition of consumer inclination towards 

particular transportation methods, and communication routes, among numerous others. Therefore, 

in addition, this paper also discusses how machine learning is applied to guide policy and decision-

makers in making well-informed decisions while developing and maintaining a Sustainable 

Transportation Network.  

MATERIALS AND METHODS  
1. Analysis of CO2 emission levels from different transport sectors. In this step, we under-

stand which mode of transport contributes to the highest level of CO2 emissions. The 

study employed is an exploratory analysis approach using Python and an interactive data 

visualization. Required libraries were imported such as - pandas to load the data and Mat-

plotlib. For dataset preparation and analysis, Queensland’s dataset of annual greenhouse 

gas emissions of carbon dioxide by the transport sector is taken.  

2. This analysis focuses on comprehending message content as the basis from which infer-

ences and conclusions about sustainable transport research are drawn in relevance to this 

paper. A review of data science and machine learning approaches with respect to transpor-

tation analytics is done from existing works including - Sustainable smart cities by Ma-

jumdar et al. [6], Balancing different modes of transportation in the city by Migliore et al. 

[7], Challenges in expanding the use of electric vehicles in the USA by Asensio et al. [2] 

among various others. 

 

RESULTS AND DISCUSSION  

From this paper, we conclude which sectors of transportation need the most sustainability measures 

from the Analysis part 1. The results obtained depict the top 4 modes of transport that are - Cars, 
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Heavy-duty Trucks, Light commercial vehicles, and Domestic aviation contributing 49.0%, 21.9%, 

12.9%, and 8.6% of CO2 emissions respectively. Emissions from cars being the highest, call out the 

need for encouraging the use of electric cars.  

 

Figure 1. CO2 emissions by different modes of transport  
 

It can be suggested to governments and policymakers that the above-mentioned 4 sectors of 

modes of transportation need more investment and attention as compared to others. We can also 

conclude that decision trees and neural networks have been employed repeatedly for prediction 

motives. It can be further said that the pollutant emissions can possibly be reduced by about 80% 

or even more by employing artificial intelligence algorithms and usage of ‘green’ energy source 

vehicles, electric cars for instance.  

CONCLUSION  
To mitigate the damage generated by CO2 emissions generated by various modes of 

transport, in this paper, we conclude that cars and Heavy-duty Trucks and buses need the 

most attention for a sustainable transport system in terms of investment and inventions. 

We also conclude that an efficient combination of vehicle pooling practices and 

environment-friendly modes of transportation contributes to the reduction of traffic 

congestion, and unnecessary combustion of fuels thereby reducing CO2 emissions to a 

great extent.  
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INTRODUCTION 

In today‘s world it is critical to limit the impacts of global warming and fight to prevent its 

catastrophic consequences which can harm humans and living beings in the long run. Predicting the 

effects of global warming and wheather conditions in a long term run could be  extremely useful in 

the field of climate science, agriculture and medicine. For eample the impact of climate change and 

weather in transport was studied by Mark and Piet (2009). A linear model of aquaculture of the 

crossroads of global warming was discussed by Miriam R. And et al. (2020). But the research work 

in this direction using multiple regression model were rarely found. This article is an attempt to find 

a prediction and forecasting of temerature and green house gases for upcoming years in India  by 

suing a quadratic regression and ARIMA model (Radhika and Shashi (2009)). 

 

MATERIALS AND METHODS 

We provide statistical methodology based machine learning algorithm for predicting global 

temperature and best parabola fit for it from past years of collected global data in this study. The 

prime motive of this study is to analyse effects of global warming (Umair (2015)) in India for a long 

term period of approximately 60 years based on the available data recorded at different places like 

Kaggle, Data.gov.in, https://www.co2levels.org/, https://www.N2olevels.org/ and 

https://www.methanelevels.org/, etc. Following Deva et al.(2019), an appropriate quadratic 

regression and ARIMA model a best fit to the trending data of temperature in Indian climate is found 

in this work. This result can help to speculate the temperature of the future years. 

 

RESULTS AND DISCUSSION 

More than adequate accuracy is achieved for both the temperature forecast and the 

greenhouse gas prediction following a successful training of the temperature and greenhouse gas 

data. We have examined the results obtained by Deva et al.(2019), who conducted the processes 

using linear regression, with our findings using quadratic regression. If the prediction is accurate, 

the ARIMA model will be used to estimate India's temperature trend for the next years, and the 

matplot library will be used to create a graphical representation of the expected and forecasted 

data. The forecast graph shows that the linear pattern of regular temperature increases and 

physical forces contributing to global warming will continue. 
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    Figure:(Temperature trend using ARIMA) 

 

CONCLUSION 

In the present work, the authors analysed the temperature and green house data of 60 years 

using the quadratic regression and based on the findings form the analysis, we forecasted the average 

of the same for upcoming years. The expected and forecasted data are plotted using the Matplot pack-

age and the ARIMA model. As a result, it has been revealed that a model for predicting data for future 

years is trained and validated using a range of input variables, including temperature, carbon dioxide, 

methane, and nitrous oxide. 
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INTRODUCTION  

For past ten years, mart has been researching and developing electrical energy meter 

technology. Electricity consumption can be measured using a variety of technologies. The Energy 

Board will send the bill to customers by a variety of channels, including email, mail, and phone. 

Traditional electro-mechanical watt meters are still widely used in Malaysia, and the readings are not 

automated. To pay their electricity payment, customers will have to wait a month for the bill of energy 

consumption. Meter bill collectors typically visit each home at the end of the month to read the meter 

and hand out the bill. Electrical meter, or energy meters, are devices that measure the quantity of 

electricity used in a residential or commercial setting, such as a home or office.   

MATERIALS AND METHODS  

The full Smart Energy metering and billing system is implemented using Arduino and GSM 

technology in this article. It's the only spinning and digital energy meter that is used to monitor power 

and energy use. 

Overall circuit: 

 

The main circuit of this project consists of 6 units as follows:  

 AC Supply unit   

 Voltage measurement circuit (DC 5 V)   

 Current sensor (ACS712) unit with Power supply  

 Arduino unit   

 Display unit  

 GSM unit with Mobile 

 

RESULTS AND DISCUSSION (headlines: TNR Bold, 12pt) 

The system is made up of two components. Both the circuit for connecting an energy meter to 

Arduino and the interface for connecting a GSM module to Arduino were unified. The microcontroller 

had the correct programmed sequence and was able to run the circuit with no issues. To count the 

input, compute the bill, and save it in EEPROM, an Arduino board with an ATmega238 

microcontroller was utilized. Every month, a Real Time Clock was used to reset the counter. When a 

sensor recognized an input, an LED indicator blinked. The LCD screen displayed the unit and bill 

price values according to the microcontroller's settings. We set a restriction for how many mobile 
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phone users were to receive a notification when the limit had been reached. Network plan SIM cards 

were used in GSM to transfer messages to mobile phones in GSM networks. The GSM module Tx 

and Rx were linked to Arduino pins 2 and 3 while the RTC utilised analogue pins A4 and A5 for 

CLOCK and RS correspondingly. Connecting LCD, LED, and light-to-voltage sensor to digital port 

4 to 13 was the final step. It's easy for users to see their current energy bill by typing "my meter" into 

the command line and then sending it to their energy meter, as illustrated in Figure. 

 

 
Figure 1. GSM Based Smart Energy Meter with Arduino Uno 

 

CONCLUSION  

In the proposed system, consumers who fail to pay their bills would have their electricity cut 

off by a wireless energy meter that constantly monitors the meter reading. There is no need for a 

human to take a reading, and you'll get accurate information. Information relevant to the user's actions 

is shown on the screen (LCD). At the end of the month, the client can pay his bill with a debit card 

using an SMS and the card reader built into the energy meter, all without leaving his house. 
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Introduction 
Over the last few decades, one of the most intriguing challenges in speech processing has been 

speech emotion identification. Modeling the emotion recognition process helps to understand and 

evaluate the system's performance. The act of attempting to work on human emotion and the induced 

states from their speech is known as Speech Emotion Recognition, or SER. This takes use of the fact 

that voice tone and pitch frequently reflect underlying emotion [1]. This holds the same mechanism 

that animals such as horses and dogs use to interpret human emotion. In order to demonstrate the 

emotion recognition problem which is independent from the speaker, a speech emotion recognition 

approach is proposed that classifies four speech motions from coarse to fine, including sadness, rage, 

fear, and happiness. This paper introduces a method by analysis of wave plots and spectrograms of 

audio wave files and finding patterns between different emotions while narrating the same sentence. 

This is done by visualizing the audio waveforms with wave plots and spectrograms and compares the 

wave pattern and amplitude of each emotional speech waveform with other related ones. 

 

MATERIALS AND METHODS 

 

The dataset used in this paper consists of 6 different people speaking a single sentence in 4 

different emotions. These audio recordings are from the CREMA-D [2] collection, which contains 

7,400+ original clips performed by 91 actors. These clips featured 48 male and 43 female actresses 

between the age from 20 to 74, representing a diverse range of races and ethnicities. The audio files 

have been visualized using wave plots and spectrograms to find out similarities between each 

emotion. Various specific features like the amplitude, loudness (decibel) and the frequency spectrum 

of sound or other signals as it varies over time have been observed and the waveform patterns along 

with the loudness for each emotion has been inferred out in this method. 

 

RESULTS AND DISCUSSION 

 

The wave plots show how the amplitude of a signal changes over time. The spectrogram, on 

the other hand, shows how the frequencies of a signal change over time. The third dimension is then 

used to represent amplitude, which can be depicted with varying brightness or colour. It gives us a 

full perspective of audio, with time, frequency, and amplitude all represented on a single graph. A 

spectrogram can visually depict broadband, electrical, or intermittent noise in audio, allowing us to 

quickly distinguish between distinct patterns for different emotions [3]. 

We can primarily subcategorize the ‘fear’ and ‘angry’ emotions from ‘sad’ and ‘happy’ 

emotions based on their amplitude range in spectrograms. The former two have a range between 40 

to –30 dB units whereas the latter two have the range between 0 to –60 dB units. Observing more, we 

could state that ‘angry’ and ‘happy’ emotions have a more spiked waveform as compared to ‘fear’ 

and ‘sad’. 

CHAPTER -38 



                                                                                                                                                                                                           

104 

ICATP 2022, ISBN 978-81-952903-0-7 

 

 

 
 

Figure 1. (a) Wave plots for ’fear’ emotion of 4 different persons. (b) Spectrogram for ‘fear’ 

emotion. 

 

 
 

Figure 2. (a) Wave plots for ’happiness’ emotion of 4 different persons. (b) Spectrogram for 

‘happiness’ emotion. 

 

These plots have been visualized for all the four emotions for all six persons’ audio files and 

patterns between each emotion have been deduced. 

 

CONCLUSION 

 

The proposed method gives us identifiable patterns of audio waveforms for different 

waveforms. We first categorize the emotion based on the amplitude from the spectrogram into 

‘fear/angry’ or ‘sad/happy’ categories, followed by observing the wave plot for the more spiked 

waveform, indicating either ‘angry’ or ‘happy’. A decision tree-based model [4] could be 

implemented using the findings of this work to classify the emotions based on the visualizations. 

 

This method gives us the advantage of predicting and recognizing the emotion of a person by 

visually looking at the wave plots and spectrograms of that person’s speech which can be further 

worked on to develop Speech Emotion Recognition models using a wide and larger dataset. 
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Abstract 
In this paper, we study the solution of the system of Emden-Folwer type equations by embedding the 

quasilinearization algorithm within the spectral homotopy analysis method. This approach easy to 

implement and converges to the solution very fast. The convergence analysis of our method is 

discussed in Banach space. Some Numerical examples of type highly nonlinear ordinary differential 

equations are taken to ensure the validity, generality, and accuracy of our proposed method. We 

calculate the approximate analytic solutions and compare with the existing Adomanian 

decomposition method. We observe that our approach gives better accuracy than the existing ADM. 
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Introduction 

               The percolation theory was introduced in mathematics literature and physics to describe 

the nature of clustered components in random networks. Percolation is the most basic statistical 

mechanics model that exhibits phase transitions marked by the appearance of a massive linked 

component. An enormous study has been carried out on percolation theory and has been applied to 

large variety of social and natural systems, one of them being forest fire spread. This survey 

introduces a simple model for the propagation of fire through forests. It also consists of studying the 

burn patterns and characteristics of combustible sites. 

 

Materials and Methods 

Scrutinizing the percolation problem in a d-dimensional hypercubic lattice, Zd. There exists a 

critical threshold pc, satisfying, 0<pc<1 commonly known as percolation threshold. The 

connectedness of random network is elaborated by percolation model known as percolation network 

[Fig.1.]. The probability of one ignited tree to lit up its neighbors and spread the fire is taken as ‘p’ 

and of not lighting is ‘1-p’. The study investigated that the p value which highly effects the percolation 

spread of fire decreases exceptionally when the mean number of spread falls below the critical point. 

The critical point is said to be reached when the percolation threshold equals the p-value exactly. 

Here, the probability function is corrected mathematically to combat the exceptional variability [1]. 

The model is used to locate the hyperbolic tangents of the elements. Mathematically, it can be shown 

by, 

                                         Ῥ=
1

2
 [1+tanh (t* (pwind – pc))]                                                                                  (1) 

where t is the number of sweeps determining the how fast the network can percolate, pwind is the 

reduction of the spread due to the speed of the wind blowing in a particular region. The value pwind 

lies between 0 and 1 is the reduction of spread due to wind and is directed by, 

                                                         pwind= pi* aw(x)                                                                                                                                            (2) 

and,                                      pi= (pw(x=0)*sw*pw
T(x=0)                                                                                    (3) 

where, pw(x=0) denotes the initial area of the spread of the fire, sw is the matrix of contact with the 

nearest-neighbor tree, all aw(x) are calculated based on the impact of the city's mitigating initiatives. 

 

Results and Discussions 

The study is carried out on the forest fire dataset [2], via which the parameters are considered. 

The model clearly explains with a graph [Fig.2] that for a low pwind value, the corrected percolation 

function Ῥ , implying zero loss of connectivity among the cluster of trees formed [3]. Hence, the 

lifetime of the fire increases and simultaneously increasing the burnt area (in km). The pwind value 

gradually tending to the percolation threshold, increases Ῥ rapidly and at the highest pwind regime, 

where more connections are lost among the clusters, Ῥ 1 . Each curves in Fig.2 is made for different 
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number of sweeps. Operating with 0.6 as the percolation threshold, the curve’s inflexion point is 

indicated [Fig.2]. 

 

        
 

    Fig.1. percolation network                        Fig.2. Percolation correction function vs reduction of 

spread 

 

Conclusion 

The proposed model helps clearly understand the spread of fire by formation of percolating 

clusters and also lifetime of the fire. It enables us to understand the relation between percolation 

value and the reduction of spread which in turn defines clearly the highly prone areas for forest fire. 

Hence, helping the government in decision making for locating forest fire stations and improving 

fire safety services. 
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Introduction 
           Forest fires have instant and long-term impacts on the ecosystem, including biodiversity loss 

and increased global warming. Forest fire causes carbon dioxide emissions which pollute the air, 

reduce the oxygen level in the atmosphere, and cause detrimental effects on living beings [1]. This 

study proposes k-means clustering algorithm using Contrast Stretching to extract pixels [Fig.1] from 

a forest fire image and detect fire and smoky regions by forming different clusters. In this paper, the 

satellite image of California's deadliest fire [2] is taken to classify and detect the target region of the 

wildfire. The detection outputs allow forest fire mitigation experts and government to take immediate 

action to this disaster. 

 

Materials and Methods 
Satellite image of forest fire is segmented by partial contrast stretching (PCS) to increase image 

quality, using equation (1). Contrast stretching is an image processing technique that enhances the 

contrast of the image so that the image's features may be seen clearly [3]. 

Io = (Ii-Mini) * (((Maxo-Mino)/(Maxi-Mini)) + Mino)                                          (1) 

Where, Ii, Io = Input, Output pixel value 

And Mini, Maxi, Mino, Maxo = Min, Max pixel value of Input and Output image 

Then on segmented image the k-means clustering algorithm is applied, using equation (2), between 

each centroid and every pixel in the image the Euclidean distance is measured. Consider a picture 

with (x x y) dimensions that must be grouped into k number of clusters. Let p(x, y) represent the 

cluster input pixels and Ck represent the centers of the cluster, calculate using equation (3). The steps 

for k-means clustering algorithm are as follows: 

a Initiate with k clusters and the center. 

b Use Euclidean distance formula to find d between the image's center and every pixel, then 

based on d, allocate all pixels to the closest center. 

d = || p(x, y) – Ck  ||                                                              (2) 

c Using this equation, recalculate the new position of the center. 

Ck = 
1

𝑘
∑ ∑ 𝑝(𝑥, 𝑦)𝑥∈𝐶𝑘𝑦∈𝐶𝑘                                                      (3) 

d Continue the process until the error value is met. And resize the cluster pixels to fit the image. 

So k-means clustering presents almost the same resemblance to a human eye and finally, the method 

resizes and reshapes the clusters into a single image where the target region is very prominent. 

 
Fig.1. Flow diagram of the proposed algorithm 

Results and Discussion 
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The proposed approach has been applied to Fig. 2. a) [2] to extract fire, and forest (green-land) 

region. Using PCS Fig. 2. b) and applying k-means clustering Fig. 2. c) is obtained as final output 

where the target region of fire is extracted successfully. 

 

 

 

 

 

                     a)                                                    b)                                                    c) 

    
 

                                                                                 Fire             ,             Forest 

Fig.2. a) Original Image, b) PCS Image, c) Segmented image with k=3 

Conclusion 
The experimental results show that a combination of PCS with k-means clustering can be useful for 

the detection of fire-prone areas. This detection helps the immediate measure to prevent fire by 

detecting the location of the hotspot and actual region affected by the fire at that instant. Here PCS 

process filtering the input image for better performance and different cluster numbers can meet the 

requirement of various levels of the target region. Future research would focus on multiple clustering 

model integration and more advanced feature selection to acquire more relevant information. 
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INTRODUCTION 

Email users are growing daily as a result of the expanding use of the internet. With the increase 

in email, usage has come issues brought on by spam, or pointless bulk email communications. On 

any computer system, it alters your search results and steals important information like our contact 

information from your contact list. 

To distinguish between spam and non-spam emails in this system, the spam categorization 

system was developed. We occasionally receive spam, therefore it can be challenging to manually 

detect it each time. Consequently, we will employ some of the techniques in our suggested approach 

to identify. 

 

Materials and Methods   

There are numerous fields in the dataset, some of which are optional. Therefore, we got rid of 

several columns that weren't needed. 

We created the graphs, histograms, and bar plots with the aid of NLTK (Natural Language 

Tool Kit) for text processing and matplotlib. As seen below, we separated the data into training and 

testing sets. A portion of the data set is utilized for training, while the remaining portion is used for 

testing. 

The test data was then preprocessed in to distinguish between spam and non-spam emails. 

Python is employed as the backend technology, while the machine learning tools NLTK and Logistic 

Regression are used to detect spam. 

 

Results and Discussion 

The software determined whether or not the email was spam after receiving two inputs. “Thanks!” 

was used as the subject line in the initial run, which is not spam. 

The module produced spam in the second run when the mail's subject line read “Call for the 

claim” 

of lottery!" The findings are listed below. 

 
Figure 1 shows the first run's input. 
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Figure 2: Results of the initial run, first bar displays the percentage of not spam, 

while the second bar displays the percentage of spam. 

 

 

Figure 3: The second run's input. 

 
Figure 2: The second run's output first bar displays the percentage of not spam, 

while the second bar displays the percentage of spam. 

Conclusion 

We may infer from the work shown above whether or not the letter was classified as spam 

using NLTK and logistic regression. 
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INTRODUCTION 

 Waste classification is important in the waste treatment cycle because it allows for the separation 

of wastes to avoid environmental damage and the collection of recyclable wastes. Such concerns have 

prompted scientists to focus on technology advancements that would aid in the resolution of these 

issues. Some of the most important efforts are aimed at automating garbage classification at various 

stages. The scope of research might range from developing mobile apps to embedding classification 

algorithms in trash can cameras to automating industrial and mass waste treatment. This process is 

exceedingly complex in the context of waste management, and it requires a multidisciplinary 

approach, as well as the participation of local governments and communities, to be successful. We 

are going to concentrate on one component of this process for the rest of this post: waste sorting using 

image classification. Waste disposal is often a serious concern when in it comes to the context of 

pollution, segregating waste into organic and recyclable is necessary to avoid alarming conditions 

like eutrophication, toxic consumption of waste by animals and land, water and or air pollution. As 

different forms of garbage require different solutions, ensuring that waste is properly categorised is 

crucial in developing an effective and efficient waste management system. 

 

MATERIALS AND METHODS 

 We have trained our model using waste classification dataset [1] (Dataset is divided into train 

data (85%) and test data (15%) Training data - 22564 images, Test data - 2513 images consisting of 

labelled images as organic or recyclable) from Kaggle using densely Convoluted Neural Network 

(densenet-121) with the help of PyTorch.  PyTorch is basically a python framework that allows tensor 

computation with strong GPU acceleration for constructing deep neural networks. It provides 

flexibility and stability for deep learning. We have augmented the data which is cropping, flipping, 

and resizing the data to increase the accuracy of the learning algorithm. We have used transfer learning 

which is process of using already pre-trained models by tweaking last layers to classify images into 

organic and recyclable classes. Here we have used Densenet121 which is a powerful model with 121 

layers. It connects each layer with other layer in a feed forward fashion. We have used 20 epochs to 

train the model. DenseNets have several compelling advantages, including the elimination of the 

vanishing-gradient problem, improved feature propagation, feature reuse, and a significant reduction 

in the number of parameters. [2]. A dense convolution network with only 3 dense network is shown 

in Fig.1. Transition layers are the layers that connect two neighbouring blocks and modify feature-

map sizes through convolution and pooling. 

 
 

Fig.1. Three dense blocks in a deep DenseNet. 
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RESULTS AND DISCUSSION 

 We have used the test dataset for testing the accuracy of the classification. The model has 

accuracy of 91 % for recyclable waste and 98 % for organic waste. The test loss is 0.17. 

 

 
 

Fig.2. Classifying waste images as Recyclable (R) or Organic (O). 

It has been seen that this model can clearly classify waste images efficiently and example has been 

shown in the Fig.2., the predicted label is mentioned along with the true label in brackets for testing 

the accuracy of the model. 

 

CONCLUSION 

 This proposed method of waste classification can identify classify waste images between organic 

and recyclable waste with an accuracy of 91% and 98% respectively with the help of densenet-121 

(a pre trained densely convoluted neural network). This method can be implemented in the real-world 

scenario of waste segregation efficiently. 
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INTRODUCTION  
 The research on fluid flow through a permeability tube/channel has piqued the interest of 

numerous researchers because to its significance in many experimental and theoretical 

investigations of engineering challenges. This study presents the effect of reabsorption on flow 

of steady incompressible viscous fluid through a permeable channel. The regular perturbation and 

finite difference techniques are used to provide approximations of the solutions for velocity, 

pressure drop, and streamlines. The graphs show how reabsorption affects velocity profiles, 

pressure drop, and streamlines. 

 Take into account the flow of a Newtonian incompressible viscous fluid through a channel that 

is L length and a half width a, as shown in Fig.1. The governing equations of present situation of fluid 

motion for momentum and continuity are given by 

   (1, 2, 3) 

 The boundary conditions are 

          (4, 5, 6) 

 Eqs. (1)-(3) through (4)-(6) are solved analytically and numerically, and the behavior of flow 

through a channel when reabsorption at the permeable wall is present is then examined. The only 

significant difference between the two methods was 0.001 and both the numerical and analytical 

findings were in close agreement(Fig.1(a)). The primary characteristics of the reabsorption coefficient 

(α) on velocity, pressure, and stream function are all depicted and presented in graphs with reference 

to flow in renal tubules. The current study used modest reabsorption values (α=1.0-2.0) that were 

provided by the literature on physiological concerns. 

 

RESULTS AND DISCUSSION 

 In this work, an effort is made to conceptually comprehend how reabsorption affects the flow of 

Newtonian fluid in a channel. In order to visualize the effects of reabsorption, perturbation solutions 

are constructed for velocities, pressure drop, and streamlines. The finite difference approach is also 
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used to try and quantitatively solve the governing flow equations. The transverse velocity profile 

numerical results were compared to the perturbation results. The largest discrepancy between the 

numerical and perturbation results is 0.0021, and both sets of results were in good agreement. 

 

 
 

Figure 1. Geometrical representation of the problem 

The following are the findings of the current investigation: 

• The velocity v at the channel wall decreases as rise in α (Fig. 1(b)). 

• Reabsorption at the wall greatly reduces the pressure drop throughout the channel (Fig. 2(a)). 

• The streamline pattern reflects a change in flow direction brought on by a variation in α (Fig2(b)). 

 

            
(a)                                                                      (b) 

Fig1. (a) Analytical method and numerical approach comparison (α = 1.0); 

(b) Axial velocity v with y, at x = 0.30. 

          
(a)                                                                      (b) 

Figure 2. (a) Mean pressure drop with x; (b) Streamlines distribution. 
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INTRODUCTION 

Understanding the blood flow phenomenon in the human circulatory system has been a point of 

interest to researchers from diverse fields over several decades. While clinical practitioners have used 

the clinical data to comprehend the underlying mechanism of the system, lumped parameter models 

have become the engineers' tool to explore it. Mathematicians and Physicists have developed models 

using the physical laws governing the fluid (blood) flow in the human circulatory system to gain 

insight into the system's working. 

In this paper, we worked on a mathematical model for the blood flow in the human arterial arteries. 

The three key features of the system, namely, the blood, have been modelled as a Newtonian fluid, 

and the blood flow is taken to be due to an oscillatory pressure gradient containing n-harmonics and 

the artery as a tapered elastic circular pipe. A mathematical model has been developed incorporating 

these features, and we have used the Homotopy Analysis Method to solve the model along with 

appropriate boundary conditions. Then, we computed the expressions for the two physical quantities, 

wall shear stress (WSS) and volumetric flow rate (QF) and computed the values with the help of 

publicly available anatomical data on the human femoral artery and the physiological behaviour of 

blood flow through it. The simulated data has been used to build statistical models that generate 

expressions for estimating the two physical quantities for any given set of model parameters which 

otherwise would involve tedious procedures. 

 

RESULTS AND DISCUSSIONS: 

                      For handiness, the inputs to the mathematical model, i.e., the model parameters, are 

categorized into flow-related parameters, fluid-related and material (artery)- related. Heart rate and 

the coefficients in the Fourier series representation of the pressure gradient driving blood flow in the 

human femoral arteries are flow-related parameters whose values are taken from references [1] and 

[2]. The values of the density and the viscosity of the blood, which are the fluid-related parameters, 

are taken from [2]. The expanding/ contracting parameter for capturing the dilation and the 

contracting states of the artery and the tapering fraction to describe the extent of the tapering of the 

femoral artery are the two material parameters that assume values based on specific mathematical 

requirements mentioned in [3,4]. We computed WSS and QF for this data and presented our findings 

below. 

In both the expansion and dilation states of the artery, it has been observed that: 

1 An increase in the heart rate (tachycardia) has decreased the value of the axial velocity 

component. The converse of this observation best interprets a physiological aspect of the CVS 

- its ability to compensate for poor blood circulation by increasing heart rate, i.e. when the 

heart fails to supply a sufficient amount of blood to the organs, it increases the rate at which it 

pumps the blood to compensate for the deficiency. Results show that the present model could 

capture this critical phenomenon. 

2  An increased heart rate has resulted in a decrease in the WSS. 
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Moreover, 

a A 4% increase in the heart rate has decreased the average QF and the average WSS by 14.6%. 

Furthermore, 

b In the expansion state, when the expansion parameter has been quadrupled, the average QF 

increased by 8%, and the average WSS by 1.96%. 

c In the dilation state, when the contraction parameter has become four times, the average QF 

decreased by 7.9% and the average WSS by 2.04%. 

CONCLUSIONS 

 

In this work, we explored the blood flow phenomenon in the human femoral artery by developing a 

mathematical model that captured the essential features of this physiological system. Simulations 

have been carried out using clinical data to gain an insight into its behaviour, and we presented our 

findings. 
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INTRODUCTION  
 Dispersion theory features prominently in a diversity of fields such as chemical engineering, 

environmental science, and physiological fluid dynamics.  In this work, the varying flow pattern and 

dispersion of a solute for a pulsatile flow scenario in a narrow catheterized artery with stenosis is the 

studied. Localized narrowing occurring in the lumen of an arterial segment is termed stenosis. 

Stenosis can result in low blood flow in cells which can lead to serious circulatory problems. In the 

process of catheterization, minuscule tubes are inserted into the blood vessel and therefore into the 

circulatory system. The objective includes gaining information on blood flow such as measuring 

pressure within the heart chambers, taking blood samples to measure oxygen levels, and ascertaining 

if there are obstructions within the blood vessels. 

 

METHODOLOGY  

Consider a pulsatile, axisymmetric, fully developed flow of blood through a catheterized artery with 

stenosis, as shown in Figure 1. Here the radius of the artery is  a  and that of the catheter is  ka  with 

  k <1. The flow is laminar and the fluid is considered as Casson fluid. The stenosis is considered 

axisymmetric and the geometry of the stenosis is modelled according to Young (1968). 

 

 
Figure 1.  Stenosis geometry and coordinate system 

 

The perturbation method is employed under the assumptions of low Womersley frequency parameter 

to solve the flow equations together with Casson’s constitutive equation.  Analytical expressions are 

derived for axial velocity, yield plane locations, and wall shear stress. The finite element method is 

used to solve the convection-diffusion equation by assuming the continuous supply of solute at the 

inlet. The effect of non-Newtonian rheology, unsteady flow, catheter radius, and stenotic region height 

on the yield plane locations and axial velocity are discussed. The effects of these flow parameters and 
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slug input length of solute on local and mean concentrations are studied while keeping the Peclet and 

Schmidt numbers constant. 

RESULTS AND DISCUSSION  

An analysis of pulsatile flow is undertaken and results are attained experimenting with differing 

values of the Womersley frequency parameter a , the fluctuating component of the pressure gradient

 e, the yield stress 
 
t

y
,  the catheter radius  k , and the stenotic depth d .  The values of the parameters 

chosen  are in a physiologically appropriate range. Increasing the yield stress affirms that the magitude 

of the velocity appreciably reduces. This is also true of the stenotic depth and catheter radius being 

varied. However,  as the fluctuating component of the pressure gradient increases, we note an increase 

or a drop in the velocity magnitude depending on the time.  

In this analysis there are two yield planes. In pulsatile flow, the yield plane locations 
 
l

1
 and 

 
l

2
 are time dependent, as different values of the pressure gradient are encountered and thus switch 

location during the course of motion.  

The reverberations of the earlier mentioned  parameters on the evolution of the dispersion are 

examined. Mathie (1982) intuits that information garnered from this examination can be used to 

understand the indicator dilution technique in a catheterized artery with partially decreased cross-

sectionalarea.                                                                                                                                               

 Figure 2 attests that the smaller the value of the yield stress, the more stretched and extended is 

the dispersion trajectory. This means that the solute is able to travel much further axially for lesser 

values of the yield stress. Albeit, having an initial solute concentration of value 1 being continuously 

injected at the inlet of the artery, we observe that for all yield stress values, that the average 

concentration of the solute exceeds 1 at some point during its transport. This is probably due to the 

‘bottleneck’ and obstruction in blood flow originated by the stenosis, resulting in a build-up of solute 

as the stenotic region is encountered. For a smaller yield stress value the fluid velocity is greater 

permitting the solute to disperse a much greater distance axially. Axial variation of the mean 

concentration for disparate values of the stenotic depth, d , reveals that there exists an inverse 

relationship vis a vis the values of the stenotic depth and the corresponding values of the average 

concentration. Sigmoid-like curve provide details  about the time variation of the mean concentration.  

For the stenosis at prescribed depths we notice that mean concentration decreases with an increase in 

stenosis height up to certain time at which there is a change in concavity. This point of inflexion 

occurs at a certain time subsequent  to which there is a reversal. This reversal is sustained up to a 

certain time, subsequent to which the mean concentration tends to an equilibrium value of 1. This 

reversal may be a consequence of the pulsatility associated with the flow. 

 
Figure 2.  Axial varying of the mean concentration varying the rheological parameter while fixing other flow pa-

rameters  
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CONCLUSION  

 

This work demonstrates that rheological properties of blood seriously impact the flow and dispersion 

phenomena, and this also applies to geometric properties contemplated in this study. This study 

applies in oxygen transport and drug therapy in blood flow. 
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1 Introduction 

Injecting a fluid into a more viscous fluid in a thin linear channel (or the Hele-Shaw cell) triggers a 

two-dimensional viscous fingering pattern which is characterized by increasingly long fingers un-

dergoing tip splitting and branching events, also known as the Saffman-Taylor instability (STI). 

These complex structures are considered to be a paradigm for interfacial pattern formation and have 

continued to receive prolonged interest in theoretical and experimental studies as well as due to its 

practical applicability in crude oil recovery, surface coating and electrodeposition. We consider the 

linear stability of a steady fully developed flow of a low viscosity Newtonian fluid (fluid 1) displac-

ing a high-viscosity viscoelastic fluid (fluid 2) inside a square Hele-Shaw cell of length and width, 

2𝐿, and cell-gap, 𝑏. A rectilinear coordinate system with center as origin and x, y and z as flow, 

transverse and cell depth direction respectively.  

 

 

 

 

The governing two-dimensional, cell gap-averaged (along z-direction) continuity and momentum 

equations for both fluids, are given by a generalized Darcy’s law in equation (1), where the  extra  

stress  tensor, 𝜏, is given  in equation (2), where  I  is  the  identity  matrix. 𝐷𝑗 = ∇𝑣𝑗 + ∇𝑣𝑗
𝑇 is the 

shear rate tensor and A is the elastic contribution to the stress tensor, satisfying the Oldroyd-B 

constitutive relation (3). The variables 𝑣𝑗 = (𝑢𝑗 , 𝑣𝑗), 𝑝𝑗 are the velocity and pressure fields, 

respectively. The parameter, 𝜈 = 휂𝑠/(휂𝑠 + 휂𝑝) represents the viscous contribution to the total 

viscosity. Also, the kinematic boundary conditions at the interface are the equality of normal and 

tangential velocities and the normal velocity equal to the interface velocity. This present work 

significantly differs from the existing studies as we analyse the linear stability of Hele-Shaw flow of 

dilute polymer solutions through a spatiotemporal stability analysis (Shokri et al. (2017)) and aim to 

address questions about polymer relaxation conditions and time asymptotic response of the flow 

leading to the topological transition of the advancing interface? 

 
2 Materials and Method 

The equations (1)-(3) are linearized using a normal mode expansion of the disturbance 𝑒𝑖(𝛼𝑥−𝜔𝑡) 
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and the resultant non-trivial solution wavenumber and frequency (𝛼, 𝜔) of linearized system is 

found by solving the corresponding dispersion relation 𝐷(𝛼,𝜔) = 0. For spatiotemporal stability, 

𝛼 is allowed to be complex and the growth rate at the cusp point, 𝜔𝑖
cusp

 is numerically evaluated, 

starting from the temporal growth rate, 𝜔𝑖
temp

. The cusp point in the 𝜔-plane is a saddle pointsat-

isfying the criteria, 𝐷(𝛼,𝜔cusp) = 𝜕𝐷(𝛼,𝜔cusp)/𝜕𝛼 = 0, but 𝜕2𝐷(𝛼,𝜔cusp)/𝜕𝛼2  ≠ 0.  However, 

not all cusp points are unstable and, in particular, the evanescent modes are segregated from the 

regular cusp points using the Briggs idea of analytic continuation (Briggs (1964)). Notice that this 

spatiotemporal linear stability algorithm is solved via bivariate Newton-Raphson method (Bansal 

et al. (2021)).  

 
3 Results and Discussion 

This model has already been validated with the known set of experiments for Newtonian flows 

(Lindner (2006)). In the next subsections, we present our contribution to existing literature. 

 
3.1 Neutral stability curves 

For a fixed 𝜈, as 𝐸(1 − 𝜈)increases, 𝑅𝑒𝑐 decrease as per the scaling law outlined above until it 

reaches a minimum threshold value of 𝐸(1 − 𝜈) (see Figure 1). Beyond this threshold value, 𝑅𝑒𝑐 

deviates from this scaling law and decreases rather sharply indicating flow to be unstable for all 𝛼 

beyond this threshold. However, threshold 𝑅𝑒𝑐 shifts to higher values of 𝐸(1 − 𝜈) and value of 

𝑅𝑒𝑐 at the threshold also increases in the limit 𝜈→1. The last observation suggests that the 

viscoelastic Saffman-Taylor flows for strongly elastic dilute polymer solutions can become unstable 

for the entire wavenumber spectrum, at a critical value of 𝑅𝑒 which is much lower than that of their 

Newtonian counterpart.  

 

 

Figure 1. Variation of the critical parameters with (1 − ν)E for ν ranging from 0.3 to 0.99, where 

𝑅𝑒𝑐 follows the scaling laws 𝑅𝑒𝑐 ∼ [(1  −  ν)𝐸]−3/2 below a threshold value of (1 − ν)E. 

3.2 Spatiotemporal stability analysis 

Spatiotemporal analysis is typically relevant when one introduces an impulse excitation locally in 

a flow and observes how that disturbance evolves with time. We evaluate the 𝜔𝑖
cusp

 to identify the 

region of absolute instability, or the region indicating the topological reconfiguration and subse-

quent pinch-off of the advancing interface (see Figure 2). Here, we classified the nature of the 

instabilities by computing the boundaries of the evanescent modes (E), the convectively unstable 

(C) and the absolutely unstable regions (A) within a selected range of the flow-elasticity-viscosity 

parameter space. The flow stability phase diagram projected onto the 𝑅𝑒 − 𝐸 parameter space 

divulge the presence of absolutely unstable region at high values of 𝑅𝑒 and 𝐸, confirming our 

presumption that elasticity coupled with high fluid inertia has a destabilizing effect. Additionally, 

we report the presence of (E) at intermediate values of 𝑅𝑒 and 𝐸 
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Figure 2: Stability phase diagram evaluated at spatial locations 
0 = 0.99 and at fixed values of ν = 

0.9. 
 
4 Conclusion 

• The main conclusion is that the parameter regions susceptible to topological transitions, are 

primarily those driven by high inertia coupled with high elasticity. 

• A number of simplifying assumptions were made, including the absence of non-linear terms, the 

numerical challenges posed in the regime of moderate to high E and the consideration of the 

Hele- Shaw flows of polymer melts. 

• Experiments in vertically aligned Newtonian Hele-Shaw flows (Goldstein (1993)) suggest the 

importance of inertial effects in triggering a collapse of the moving interface. 

• A deeper consideration of the impact of finite boundaries, including elastic boundaries on the 

evolution of the moving interface should be worthwhile in future. 
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INTRODUCTION 

The lid-driven cavity problem was developed to examine flow stability for many industrial 

and engineering problems in fluid dynamics like mixing, coating, flow over cuts, designs, roll coating 

systems, polymer melts, ceramic typecasting, drying applications, etc. Initially, the single side cavity 

problem was given more importance and is studied by several researchers like  Botella and Peyret 

(1998), Arun and Satheesh (2015), etc. Later on, the double-side problem received significant 

attention and is studied by Kuhlmann et al. (1997), Hammami et al. (2018) and, Romanò et al. (2019), 

etc. Even though the majority of the researchers study laminar flow problems, most of the practical 

fluid problems deal with turbulent flow. Hence the present study used the k-ε turbulence model, to 

analyze the various turbulence features of the 2D steady-state incompressible two-side cavity flow 

with different speed ratios and higher Reynolds numbers for a constant aspect ratio. The flow behavior 

for the selected range is obtained by the streamline patterns, the turbulent kinetic energy, dissipation 

rate, turbulent viscosity, centerline velocity profiles, and Reynold stress. 

 

 NUMERICAL METHODOLOGY 

 

  
Figure 1. Geometrical 

configuration 

Figure. 2 Comparison of centerline velocity profiles 

Samantaray et al. (2020)    
      Fig.1 shows the geometrical model of the two-sided cavity. In that, the flow is driven by the top 

and bottom walls having equal velocities (-U) in the negative X-direction. The detailed numerical 

study of flow patterns has been performed by varying the Reynolds number (1×104 ≤ Re ≤ 1×105) 

and Speed Ratio (ratio between bottom wall to top wall velocities) (0.05 ≤  SR  ≤ 1.0 ) with a constant 

aspect ratio (AR = 0.5)  as shown in the Table. 1. 

Table 1: Various parameters and their range used for the current study 

Parameters Range  

Speed Ratio (SR) 0.005, 0.5, 1.0 

Reynolds Number (Re) 1 × 104,  5 × 104, 1 × 105 

Aspect Ratio (AR) 0.5 

Both top and bottom wall motions -X Direction 

 The Reynolds averaged governing equations with k-ε turbulence modeling are solved using 

the Finite Volume Method (FVM) with staggered grid technique. Hybrid and QUICK Deferred 
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Schemes are used for discretizing the diffusion and convection respectively. The grid independence 

test for current C++ code is simulated for four different grid sizes, 81 × 81, 121 × 121, 161 × 161, 

and 201 × 201 with the aspect ratio of 1.0. A comparison of the centerline velocity profiles demon-

strates that the grid size of 161 × 161 can be chosen for accuracy and its computational cost. All 

presented results in this numerical investigation have been converged to 10-8. 

RESULTS AND DISCUSSION 

FVM code is used to compute the one-sided cavity flow for Re = 1× 104, AR = 1 to validate 

the present numerical problem. The comparison of the steady-state u and v centerline velocity profiles 

of the present study with Samantaray et al. (2020) is shown in Fig. 2, and are found to be in good 

agreement. 

   
(a) SR = 0.05 (b) SR = 0.5 (c) SR = 1.0 

Figure 3. The variation of streamline contours for different SR at Re = 1 × 105 

Fig 3. shows the streamlined contours for various speed ratios at Re = 1 × 105. For SR = 0.05, only 

one primary vortex was observed in the top left cavity. It was observed as the SR increases, the size 

of the secondary vortices in the bottom left cavity also increases. These vortices merged to form a 

new primary vortex that rotated in the opposite direction of the existing vortex at the cavity bottom. 

The main vortex drifted towards the cavity's middle due to an increase in its Reynolds number. For 

SR=0.05, the turbulent kinetic energy intensity decreases by increasing the Re, as shown in Fig 4(a). 

Similarly, the dissipation rate also decreased while an increase in Re which shows in Fig 4(b). The 

concentration of Reynolds stress is more on the left side of the cavity and its intensity increases by 

increasing the Re which is shown in Fig 4(c). 

   
Figure 4. Effect of turbulent kinetic energy (k), dissipation rate (ε), and Reynolds stress 

components (uꞌvꞌ) for various Reynolds numbers at  SR = 0.05 and AR = 0.5 

CONCLUSIONS 

Using the k-ε model, the present study investigated the turbulent flow behavior in a two-sided 

lid-driven cavity in the –X direction by varying the speed ratio and Reynolds Number. From the study, 

it is clear that the influence and intensity of the eddies obtained by lid motion are regulated by the 

speed ratio. The additional vortices generated from the cavity bottom wall are influenced by speed 

ratio as its size is observed to be decreasing at low-speed ratios. The intensity of Reynolds stress is 

influenced by the Re, as higher Reynolds stresses were generated at higher Re values. By increasing 

the Re from 1×104, the turbulent kinetic energy is decreased by 46.19% and 58.60% for Re = 5×104 

and 1×105, respectively. Also, the turbulent dissipation rate decreased by 59.84% and 72.04%, 

respectively.  
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INTRODUCTION  

  The bioconvection arises because of the macroscopic convective motion of the fluid created by 

the density gradient originated through the collective swimming of microorganisms. The 

bioconvection phenomenon dedicates various operative usages in many biological, 

environmental, and biotechnological areas. Mutuku and Makinde (2014) introduced a substantive 

model consisting of magnetohydrodynamic water-based nanofluid flow under the influence of 

bioconvection because of gyrotactic microorganisms. 

  Naturally, the measure of the system’s disorderliness or consumption of the desired energy 

indicates entropy. The ruining of desired energy causes the reduction of competency of scientific 

equipment. The researchers are attracted to minimizing the entropy generation for overcoming 

several problems. Khan et al. (2020) established an operative mathematical model owing to 

clarifying entropy generation in radiative rolling motion of Casson nanofluid flow under the 

consequences of magnetic field and Joule heating. 

  The close surveillance of the previous explorations infers that the unsteady three-dimensional 

bioconvective Casson nanofluid flow passed over a stretching sheet under diacritic effects of Hall 

current, nonlinear thermal radiation, chemical reaction, and activation energy has not been 

explored yet. It is earnestly tried to fulfill this research gap in the present  research article.   

 

MATERIALS AND METHODS  

Materials: activation energy, bioconvection, Hall current, motile gyrotactic microorganisms, second-

order velocity slip,  non-Darcy porous medium. 

Methods: Proper similarity transformations [S. Shateyi and S. S. Motsa (2010)] are applied for 

achieving nonlinear ordinary differential equations. The produced nonlinear ordinary differential 

equations have been solved using one kind of robust numerical process named the spectral quasi-

linearization method [A. Sahoo and R. Nandkeolyar (2021)].  

 

RESULTS AND DISCUSSION  

  From Figure 1(a),  the higher magnetic parameter (M) boosts up the temperature immensely.  The 

potent magnetic field boosts elevating the Ohmic heating. As per Figure 1(b), the bioconvection 

Rayleigh number (Rb) has a favorable trend towards the motile microorganism profile. The strong 

buoyancy force's presence due to bioconvection creates a rise in the motile microorganism field 

because of upsurging the bioconvection Rayleigh number. 
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(a)                                                                         (b)                                                                 

Figure 1. Impact of (a) M on the temperature field and (b) Rb on the motile microorganism 

profile. 

 

CONCLUSION 

  The interesting findings of the present research study are revealed below 

 The strong magnetic field resists fluid movement but enlarges transverse velocity at the 

sheet’s neighborhood. 

 The enlarging tendency of the bioconvection Rayleigh number to motile microorganism's 

concentration is observed, indicating the motile microorganism boundary layer thickness to 

be thicker. 

 The Casson parameter opposes entropy production far from the sheet. 
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INTRODUCTION  

The unsteady flow through a squeezing channel, originated by the moving boundary under the 

influence of external normal stresses, is often encountered in the process of manufacturing hydro-

dynamical machines, accelerators, lubrication equipment, and so on. Initial investigation on 

squeezing flow is made by Stefan (1874). Later, research has been carried out by several researchers 

successively for various geometrical configurations. Moore (1965) extended the Stefan equation for 

viscous fluid through a squeezing channel.  Hayat et al.(2016) have analyzed the problem of a 

squeezing flow in MHD Jeffery nanofluid. Ali et al.(2013) have discussed the effect of radiations on 

un-steady free convection magnetohydrodynamics flows of the Brinkman kind fluids in a porous 

medium have Newtonian heat. Khan et al. (2016) observed thermal radiation consequence on 

squeezing flow Casson fluid among parallel disks. Srinivasacharya (2015) has been investigated both 

the effects in the vertical curly surface at existing of the porous medium.The term “bio-convection” 

was stated by Platt (1963) from the beginning with the streaming patterns detected in the dense 

cultures of free-swimming microorganisms. Zuhra et al. (2018) explained the mechanism of 

gyrotactic microorganisms with magnetohydrodynamic second grade nanofluid flow under the 

passively controlled nanofluid model boundary conditions by using convectively heated vertical 

surface. 

 

PROBLEM FORMULATION AND SOLUTION 

The problem consists of two plates at a distance  ( ) 1h t l t  . The upper plate moving with 

velocity dh
dt

 touches the lower plate at 1/t  . The micropolar nanofluid flow between two 

parallel plates with embedded nanoparticles, where the base fluid water is considered.  Assume 

constant temperature 1H  at the upper plate and no heat flux at the center of the channel. The magnetic 

field acts in the direction of the horizontal plates. The governing equations along with the boundary 

conditions are first converted to a set of nonlinear ordinary differential equations with the aid of 

similarity transformation and then, are numerically solved by means of RK method equipped with 

the shooting technique. 

  

RESULT ANALYSIS 

An analysis is carried out over temperature, microrotation, concentration, and density of 

microorganisms(see the figure1 to figure4) when the upper plate is moving towards lower 

plate(squeezing case). It is found that temperature increases and microroation decreases with increase 

in magnetic parameter. This is due to the Lorentz force developed by magnetic field. Iron 

nanoparticles’ temperature distribution is found high(fig.1) and futher, observed a high spin in copper 

nanoparticles(fig.2). Concentration increases with increase in concentration parameter and noticed 
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high when the distance between the plates is large. It is very clear from the fig.4 that the Schmidt 

number enhances the density of microorganisms. 

  

 
 

Figure 1: vs   for different
nH  

                     

 
 

Figure 2: vs g for different
nH  

 

                                              

 
Figure 3: for different                                                                                     

     

        

                      
 Figure 4:  vs S   for different Scm  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSION 

1) Temperature distribution is found high 

in Iron-water nanofluid particles. 

2) The magnitude of microrotation is 

found less in Iron-water nanofluid 

particles. 

3) The species concentration is increasing 

with chemical reaction parameter

 vs  rK
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Abstract  

Nowadays throughout the world studying biological processes through mathematical modeling 

become significant since it is used to simulate the dynamics of biological processes which will strengthen 

the quantitative and analytical understanding of biomedical research. Currently, mathematical modeling 

of phenomena like tumour growth and its treatments in cancer dynamics become very hot issues in the 

biomedical research world. The main intent of the paper is to provide an extensive review of tumor 

dynamics, mathematical models of tumor dynamics, dynamics of cancer cells. Also the review explores 

their interaction with the Immune system, and different types of discrete and hybrid models. This review 

also focuses on its treatment resistance evolution, challenges, and related treatment models. It also 

considered the simulation of tumor dynamics, significances, and opportunities of model-based study. The 

evolution of advancements in cancer research which helps in overcoming treatment troubles and 

resistance due to the complex tumor dynamical system leads to more hope to treat cancer. 

Keywords: Mathematical Models, Tumor Dynamics, Treatment Resistance Evolution. 

Introduction  

According to American Cancer Society data approximately 1.6 lakh new cancer cases and 50 

thousand deaths estimated in every months in the US in 2022. This data also estimated around 19 lakh 

new cancer cases and more than 6 lakh deaths will happen in the US in 2022 (Seigal et al. 2022). Even in 

India, according to the data of Indian Council of Medical Research (ICMR) - National Centre for Disease 

Informatics and Research, there were an estimated 1.39 million cancer cases in India in the year 2020. 

Mathematical modelling has been the most dominant tool to study the behaviour of tumour development, 

parameters that influence its progress, and its bio interaction with the host tissue in the living organism 

(Gatenby 1996; Anderson et al. 2000; Anderson 2005). An intensive study of biological phenomenon 

through mathematical modelling helps biomedical research to make a better world. The biological 

characteristics of tumour dynamics are very complex, it shows various kinds of resistance and challenges 

to its treatment. Continuous never-ending progress is going on to overcome such resistance and hence 

improvement in therapy brings a better life to living beings. (Hahnfeldt et al. 1999; Enderling et al. 2006; 

Meral and Surulescu 2013; Meghdadi et al. 2016).  

Mathematical Models and Background 

This review throughly studied the ODE and PDE-based models of tumor growth, derivation of 

such models and how they can be used to simulate tumor growth and treatment purpose, and dynamics of 

growth rates (Enderling and Chaplin, 2014). A combined analysis of mathematical modeling, simulation 

of tumor dynamics with drug interventions has been studied by (Unni and Seshaiyer, 2019) in which the 

mathematical model that combines important interactions between tumor cells and cells in the immune 

systems including natural killer cells, dendritic cells, and cytotoxic CD8+ T cells combined with drug 
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delivery to these cell sites is also considered in this review. This review also consider the following 

equation (Unni and Seshaiyer, 2019) that has been used to describe the dynamics of various types of cell 

population. 

𝜕[. ]

𝜕𝑡
+ ∇. (�⃗� [. ]) − 𝛿𝐷∇2[. ]

= 𝑓(. ) − 𝑔(. ) − 𝐾[.]𝑧(𝑀)[. ]                                                                                                 (1) 

Numerical Simulation of Tumor Dynamics 

To study the dynamical behavior of tumor cell population progress and its interaction with the 

other type of cells in the host tissue numerical simulation is done.  Unni and Seshaiyer, (2019) have shown 

the detailed dynamics of these cells which include interactions between each other as well as dynamics 

generated by interaction with chemotherapy as well immunotherapy drug concentrations in the 

bloodstream. Gulnihal Meral and Christina Surilescu, (2013) have proposed a mathematical model for the 

influence of heat shock proteins on tumor invasion which studied the both analytical and numerical 

simulations of the model, this found a fine agreement with the expected behavior of invasion for the 

different choices of time delay. 

Clinical Importance 

Despite a huge effort from the researchers towards the development of advanced mathematical 

models, very few clinical achievements have been found over the years. These models can be used to 

discover the important biological parameters, which will help to predict the treatment outcome. Over the 

years all the conventional way of treatments for cancer has a substantial amount of challenges and a very 

small amount of success rate has been recorded. The improvements in mathematical modeling-based 

research help in controlling its treatment and anti-cancer drug delivery. Thus it shows a notable reduction 

in the number of new cases and deaths over the years. 

Discussion and Conclusion 

Day-by-day improvements in mathematical modeling give a better insight into understanding how 

it causes and how to tackle it. İn the present review article discussed different mathematical models which 

illustrate the dynamics, surroundings environment interaction, and how to reduce the difficulties in its 

Clinical implementation. Based upon rigourous studies from the literature it is found that the results may 

aid the model-based anticancer treatment reaction analysis. An ultimate general model structure 

controlling al this aspect would be big advantage for optimizing anticancer treatment. 
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INTRODUCTION 

As of May 2022, COVID-19 pandemic has resulted in almost 62 lakh fatalities worldwide. Across 

the world, scientific communities are working to better understand the mechanism of virus infection and 

treatments to reduce its impacts. According to the preliminary research on COVID-19 infection, the 

SARS-CoV-2 virus infects AE2 cells in the alveolus just like other members of the corona family. This, 

in turn, causes a lack of natural pulmonary surfactants in the airways, which might lead to the formation 

of blockages in the airways due to increased surface tension of the inner lining fluid or liquid film. This 

leads to acute respiratory distress syndrome (ARDS) in the patients, which is a typical symptom of 

COVID-19 infection. Considering this, a drug delivery technique based on surfactant replacement therapy 

(SRT) (Grotberg et al. 2011) is being investigated. This work aims to computationally optimize the 

pulmonary drug delivery mechanism as per the lung conditions of different COVID-19 patients.  

Previous studies in this field have analyzed the propagation of the liquid plug analytically, 

numerically, and experimentally. However, most of the studies focused on examining the peak stresses 

produced during the rupture and ways to reduce the tissue damage associated with it. The current work 

aims to optimize the propagation of liquid plug for the better deposition of containing the drug inside the 

pulmonary airway. For the drug to be deposited, the liquid plug must be pushed through the airway until 

its contents are deposited on the walls of the airways and reach a point where the plug ruptures. A 

generation number of 7/8 is chosen for the study. The choice of generation is based on the smallest size 

Bronchoscope (drug deposition medium) available as of now. 

METHODOLOGY 

The coupled Navier-Stokes and Cahn-Hilliard Phase field equations are numerically solved using 

an in-house developed multiphase solver. This diffuse interface multiphase model readily handles the 

dynamics of liquid plug propagation and rupture inside the airways. Since the Reynolds number of flow 

being considered is in the range of 200 – 300, laminar flow is assumed inside the respiratory pipe. Hence 

the domain is solved using a 2D axisymmetric approach. 

 
Figure 1: Schematic diagram of computational domain. 
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 The schematic of computational domain is highlighted in Figure 1. The parameters such the optimal 

dosage, the time until the plug ruptures, and the volume rate of drug deposition are being studied to 

optimize the drug deposition. The results were validated by comparing the time variation of plug width 

with previous studies. A parabolic velocity profile is applied at the inlet and a constant pressure boundary 

condition is applied at outlet.  

RESULTS AND DISCUSSION 

In this work, the preliminary results obtained from the studies are discussed. Figure 2 shows the 

time evolution comparison of liquid plug width with reference results reported by Hassan et al. (2010). 

The initial non-dimensional plug width (Lp /R) of liquid plug is kept 1, and the leading film thickness 

(h2/R) along the inner surface of the wall is 0.13. A pressure gradient (ΔP) of 1 (inertial scaling) is applied 

across the plug. After the validation of the computational setup, a time evolution of the liquid plug profile 

(Figure 3) is studied for the parabolic velocity inlet condition with the overall volume flow rate of 20 

liter/min. The leading-edge film thickness, in this case, is kept h2/R = 0.9. Figure 3 shows the evolution 

profile of pressure contours along with the exact location liquid-air interface (solid black line). As can be 

seen, at around non-dimensional time (tU/R) of 40 steps, the contents of liquid plug have already been 

deposited on the walls of the airway, leading to the thinning of the liquid plug and its eventual rupture.  

 
 

Figure 2: Validation plot compares the 

variation in liquid plug width with 

evolution time for h2=0.13R. 

Figure 3: The pressure contours showing time 

evolution of the liquid plug propagation leading 

to its rupture. 

Further, simulations are conducted with different inlet velocities, and it has been found that a cut-

off velocity exists below which deposition does not occur. Counterintuitively, the liquid plug collects fluid 

from the walls leading to an increase in plug width during its propagation. The velocity study identifies 

the cut-off velocities for different film thicknesses, and the time required for the rupture is investigated. 

It has been found that the time required for rupture decreased with increasing inlet velocity, which shows 

a similar trend for the drug deposition area. However, the volume rate of deposition increases with the 

velocities. 

CONCLUSION 

The study shed light on the dynamics of liquid plug propagation and the drug deposition trends for 

different inlet velocities and liquid film thicknesses. The existence of a cut-off velocity was found out 
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below which the deposition ceases to occur. From the study results, the amount of drug that can be de-

posited for a patient with a particular pulmonary film thickness (which depends on the patient’s disease 

situation) can be found for different breathing rates. 
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INTRODUCTON 

Reliability of a system is the probability that a system perform its intended purpose for a given period of 

time under stated environment conditions. In some cases system failures occur due to certain type of 

stresses acting on them. Anil Misra et al. [1] discussed with the view of developing methods for reliability 

based design, the finite difference technique was combined with the Monte-Carlo simulation method to 

create a probabilistic load–displacement analysis. The Monte-Carlo simulation method was used, in lieu 

of other closed-form probabilistic techniques, due to the complexity of the load–displacement analysis. 
Dr. Edward E. Osakue et al. [2] studied fatigue shaft design verification for bending and torsion. Dr. R. 

K. Bansal [3] discussed shear stress produced in a circular shaft subjected to torsion, torque transmitted 

by a circular solid shaft and a hollow circular shaft. E. Balagurusamy [4] discussed stress dependent 

hazard models. K. C. Kapur and L.R. Lamberson [5] discussed design of a shaft subjected to torsion, 

when a shaft is subjected to a torque a shearing stress is produced in the shaft. M. E. Ghitany et al. [6] 

studied Lindley distribution and its application. 

 

MATERIALS AND METHODS 

The probability density function (pdf) of the Weibull distribution is 

𝑓(𝑡) = (
𝑘 × 𝑡𝑘−1

𝜆𝑘
)  [exp (−

𝑡

𝜆
)
𝑘

] 

where 𝑡 ≥ 0, 𝑘 > 0 is the shape parameter and scale parameter  > 0 is the characteristic life. 

The reliability function and the hazard rate functions of Weibull distribution are respectively 

𝑅(𝑡) = exp (−
𝑡

𝜆
)
k

 for 𝑡 ≥ 0  and 

ℎ(𝑡) =
𝑘

𝜆𝑘
× 𝑡𝑘−1 

The reliability function of shear stress produced in a circular shaft subjected to torsion is 

𝑅(𝑡) = exp [−(
t

λ
)
𝑘

× (
R × C × θ

L
)] 

The reliability function of torque transmitted by a circular solid shaft is 

𝑅(𝑡) = exp [−(
t

λ
)
k

× (
16T

π D3
)] 

The reliability of torque transmitted by a hollow circular shaft is 
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𝑅(𝑡) = exp{−(
t

λ
)
k

× [
16T × D0

π(D0
4 − Di

4)
]} 

 

 
Table 1 

k

R=16 mm, L=64 mm, 

C=73.1 GPa, ra-

dian.

 

t R(t) 

0.1 0.978669741 

0.2 0.919418557 

0.3 0.83014411 

0.4 0.720820864 

0.5 0.602172759 

0.6 0.484146672 

0.7 0.374722548 

0.8 0.279264756 

0.9 0.200437429 

1.0 0.138570467 
  

CONCLUSION 

The reliability of a circular shaft subjected to torsion when shear stress follows Weibull distribution 

has been derived. The reliability analysis of torque transmitted by a circular solid shaft and a hollow 

circular shaft has been derived. It is observed that the reliability of the shaft decreases when time, 

twisting moment and modulus of rigidity increases and the reliability decreases when external 

diameter and length of the shaft decreases. Reliability of the shaft increases when internal diameter 

and total torque decreases. 
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An impact of MHD on casson nanofluid flow with heat source/sink and first order 
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 Abstract 

The primary goal of this research is to examine the effect of MHD casson nanofluid flow on the 

thermosolutal Marangoni boundary with heat source/sink with first order chemical reactions. The flow is 

studied as a result of nonlinear thermal radiation. In order to obtain analytic outcomes. The ruling PDE’s 

are reconstructed through to ODE’s using correct non-dimensional variables. The problem of continuous, 

laminar flow of an electrically conducting MHD casson nanofluid is investigated analytically in the 

presence of first-order chemical reactions, heat generation or absorption, and a magnetic field. 

Temperature and concentration are thought to be proportional to surface tension. Graphs depict physical 

factors such as heat generation/absorption coefficient, velocity, temperature, concentrations, and 

suction/injection qualities. 

Key words: MHD, Casson fluid, Nanofluid, Marangoni boundary conditions, heat source/sink, First order 

chemical reaction. 

 

 

 

 

 

 

 

 

CHAPTER -54 

mailto:marannat4@gmail.com
mailto:u.s.m@davangereuniversity.ac.in


                                                                                                                                                                                                           

141 

ICATP 2022, ISBN 978-81-952903-0-7 
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ABSTRACT 
Theoretical investigation is carried out in this paper, to analyse the MHD Casson gas flow and heat trans-

fer over a linearly stretching/shrinking sheet under induced slip condition and radiation effect. The closed 

form solution is obtained for the governing equations under the boundary layer conditions. The explicit 

solution to the MHD flow are obtained analytically and explained. Variations in physical parameters such 

as induced slip parameter, suction/injection, Chandrasekhar number, radiation number, and shear stress 

are analysed and presented graphically. The effects of induced slip parameter and inclined magnetic field 

on the flow are also demonstrated. Flows in slip reign have numerous applications in micro and nanoscale 

level problems, as well as flows with minute particles. This problem, which involves MHD effects and 

aids in fluid motion control, is technically excellent and has applications in industries and research labor-

atories. 

Keywords 
Casson model, induced slip, stretching/shrinking sheet, inclined MHD, suction/injection, analytical solu-

tion. 
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SOLUTE TRANSPORT IN A MAGNETOHYDRODYNAMICS COUETTE FLOW UNDER 

THE EFFECT OF REVERSIBLE REACTION 

Nanda Poddar 1,*, Subham Dhar1, and Kajal Kumar Mondal1  

1 Department of Mathematics, Cooch Behar Panchanan Barma University, Cooch Behar, West Bengal, 

India-736101 
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INTRODUCTION  

Over the last several decades, the study of the mixing of solute particles in different flow geometry 

has been given special care due to their practical importance in a number of fields, such as 

environmental, biomedical and chemical engineering, as well as the pharmaceutical industry. The 

solute transport phenomena in a magnetohydrodynamics (MHD) flow under the impact of chemical 

reaction plays important roles in drug targetting, glass blowing, polymer solutions, food processing 

and paper manufacturing industries. Thus, the this types of real world application problems on MHD 

flow with chemical reaction are significant to investigate. In recent time, the effect of reversible phase 

exchange kinetics in open channel flow and Couette flow are studied by several resaerchers (Ng and 

Bai, 2001; Barik and Dalal, 2021; Poddar et al. 2022). Transport of solute in MHD flow are discussed 

by Poddar et al. 2021; Dhar et al. 2022. But, from the literature review, it is observed that no work 

has been reported on transport of solute in a MHD Couette flow with the aid of a transverse magnetic 

field under the effect of reversible reaction.  

          In the present research, the transport phenomena in a MHD couette flow wherein the soluable 

particles may undergoes a reversible phase exchange between the immobile phase (stationary 

boundary bed phase) and mobile phase (fluid phase) is explored. To show the effects of phase 

exchange kinetics and retardation factor in apperance of transverse magnetic field on transport 

coefficient as well as in the two-dimensional longitudinal and transverse concentration distributions, 

the analytical expressions are found by multiple-scale homogenization technique. It is seen that with 

the enhancement of Damkohlar number and Hartmann number the transport coefficient diminishes 

remarkably 

KEYWORDS: Transport, MHD Couette flow, Reversible reaction, Homogenization technique. 

MATERIALS AND METHODS 

            For the current research a steady, laminar plane Couette flow between two parallel plates of 

viscous incompressible electrically conducting liquid in apperance of transverse magnetic field 𝐻0 is 

considered. The plates are separated by a distance ℎ. The 𝑥 and𝑦 axes are taken as along longitudinal and 

transverse directions (see Figure 1). At 𝑦 = 0, the lower plate is assumed to be stagnent, where the upper 

plate moves with a constant velocity 𝑈 in its own plane. The velocity distribution of MHD Couette flow 

in dimensionless form is given by, 

                                                                𝑢 =
𝑢

𝑈
=

𝑆𝑖𝑛ℎ𝑀𝑦

𝑆𝑖𝑛ℎ𝑀
. Where 𝑦 =

𝑦

ℎ
, 𝑀 represents the Hartmann 

number, which describes the correlation into magnetic and viscous forces. 
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Figure 1. Schematic diagram of steady MHD Couette flow with reversible reaction.   

When a reactive soluble particles with constant molecular diffusion coefficient 𝐷 through the above men-

tioned flow is released, the transport problem of the reactive solute in dimensionless form is given by, 

                                                             
𝜕𝐶

𝜕𝑡
+ 𝜖𝑢𝑃𝑒

𝜕𝐶

𝜕𝑥
= 𝜖2 𝜕2𝐶

𝜕𝑥2
+

𝜕2𝐶

𝜕𝑦2
             

The initial and boundary condition is taken as 𝐶(𝑥, 𝑦, 𝑡) ∨ 𝑡=0 = 𝛥 (
𝑥

𝜖
)  

                                               
𝜕𝐶

𝜕𝑦
= 0𝑎𝑡𝑦 = 1 and  

𝜕𝐶

𝜕𝑦
=

𝜕𝐶𝑠

𝜕𝑡
= 𝐷𝑎(휃𝐶 − 𝐶𝑠)at𝑦 = 0. 

Here 𝜖 =
ℎ

𝐿
(≪ 1) is used as a perturbation parameter. The dimensionless parameters are 𝑥 =

𝑥

𝐿
, 𝑦 =

𝑦

ℎ
, 𝑢 =

𝑢

𝑈
, 𝑡 =

𝑡

ℎ2/𝐷
, 𝑃𝑒 =

𝑈ℎ

𝐷
, 𝐷𝑎 =

𝛾ℎ2

𝐷
, 휃 =

𝜃

ℎ
. Where 𝐶 and 𝐶𝑠 are concentration of mobile and immo-

bile phases respectively; 𝛾is the reversible reaction rate; 휃 is the retention parameter or partition coeffi-

cient which represents the relation between the 𝐶 and 𝐶𝑠; 𝐷𝑎 is the Damkohler number. 

        In order to solve the problem multi scale homogenization method is employed with three distinct 

time scales associated with two length scales (Barik and Dalal, 2021). The method consists of techniques 

used to create effective macro-scale models from complex micro-scale models and it is applied to get a 

sample of the same composition and structure throughout the volume. 

RESULTS AND DISCUSSION  

It is seen from the Figure 2 that lower kinetics of sorptive exchange i.e. when 𝐷𝑎 is larger, transport 

coefficient is smaller. It is significant to note that when the phase exchange kinetics is slow (𝐷𝑎 ≪ 1, the 

dispersion coefficients are large in comparison to that of the phase exchange kinetics is fast (𝐷𝑎 > 1). It 

is also seen that as 𝑀 increases, a resisting Lorentz force also increases in the flow, so the transport process 

reduces significantly. It is observed that with increment of retardation factor 휃 the transport coefficient 

initially enhances and after a certain value of 휃 it reduces. The amplitude of the real concentration 

distribution increases with the increment of 𝐷𝑎, actually, from the immobile phase the tracer particles 

progresses rapidly in flow and enhance it in the mobile phase.  

                                                                     
  Figure 2. Variations of transport coefficient with 휃 for different 𝐷𝑎 and 𝑀 and Longitudinal real 

concentration distribution for different 𝐷𝑎. 
CONCLUSION  

The transport of reactive solute in MHD Couette flow with reversible reaction is discussed analyti-

cally by multi-scale homogenization method. The limiting case of the present outcome is compared with 

the previous analytical results of  Bandyopadhyay and Mazumder, 1999; Ng and Bai, 2001; Poddar et 

al. 2022 and it achieved a remarkable agreement. The results shows the effect of  Damkohler number 
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(phase exchange kinetics), Hartmann number, retention factor, dispersion time on transport coefficient, 

longitudinal and transverse real concentration distributions. 
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Abstract 

 

The mathematical formulation and semi-numerical approach of two-dimensional steady 

convectional flow of non-Newtonian Jeffrey fluid over surface with modified Buongiorno model and 

Cattaneo-Christov heat flux is analysed. The influence of thermal relaxation is taken under consideration. 

Suitable transformation is introduced which turns into coupled and non-linear system of ordinary 

differential equation which are then solved using the Homotopy Analysis Method. The convergence of 

solution obtained from the method is significantly discussed using special curve in HAM method. 

Homotopy solutions are obtained for the velocity, surface temperature and concentration profiles. The 

nature of the flow of non- Newtonian fluid for different fluid parameter and thermal relaxation are 

elaborated through figures and table. The analysis reveals that thermal relaxation of CCF model can be 

applied to control the rise in temperature under difficult situation instead of Fourier Model of heat 

conduction.  

Keywords:  Cattaneo-Christov Heat Flux, Thermal Relaxation, Buongiorno Model 

Mathematical Modeling 

The transformed set of ordinary differential equations and associated boundary conditions 
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The boundary conditions become 

At  0   1f   ,  0f   1  ,  ' ' 0Nb Nt   ,       (4) 

At     0, 0f f   , 0  , 0         (5) 

 

Methodology 

Homotopy Analysis Method is used to solved the system of equations. Residual error is decreasing with 

increase in number of approximation. 

Result and Analysis 
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Conclusion 

1) CCF model can be applied in order to control the temperature instead of Fourier Model of heat con-

duction.  

2) Residual error is decreasing with increase in number of approximation which shows the convergence 

of homotopy series solution. 
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ABSTRACT 

The Buongiorno model was used in the current study to analyse the MHD pulsatile Casson 

nanofluid flow along a vertical channel with chemical reaction and thermal radiation. Viscous dissipation 

and Joule heating effects are considered. The governing partial differential equations of the Casson 

nanofluid flow are converted to ordinary differential equations using the perturbation method and solved 

using the shooting technique with Runge–Kutta fourth‐order method. According to the analysis,  the 

velocity decreases with the rising applied magnetic field.  The temperature profile falls with an increase 

in Hartmann number and rises for a given increase in thermophoresis and Brownian motion parameters. 

Additionally, the distribution of nanoparticle concentrations rises for a given increase in the Brownian 

motion parameter but falls for a given increase in the Lewis number and chemical reaction parameter. 

 

Keywords: Casson nanofluid, Pulsatile flow, Lewis number, Thermophoresis, Brownian motion 

parameter. 
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quality of education and research will foster ethical and professional standards in students and hone their 
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